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f^# Wimwm^ ^mAM m^^Almt Vtm wmeiit* of in* •ff<r«l 9f 
vt^ iiii^ftttiiii liwtiwiili ii6»iM« A mi%9) c»iiiM»oi or attJBtlnIi 
i lA iB l ^^^^1^ HngLr or toiiatiiilidUly ai«a alto #iMif«« l a oaftfefliQr of 
<fi9««g««f mot* iifi«a •a&i«ot«f ^ tA« cbovo troslo^cito* t t « ! • • 
ooaloifit the r^vilts of foot dip in iiot«r tolu^o ft^&etioiio of 
oortotfi o i l mkm9 fb? th« ooiiti*ol of tli« dtfoaoot 
looealaUoa of mmsHsmt tmi&linm in tiaMi«f3d«d to l l tflt^ 
^» Iftfflmlla » ' ^ mHaiA *1ton« Us^u-At «b<mt r^dtiotlon la plm% 
volftit* rioiiiwtrtr, f»«d««sttoa la ^iiant v«l«?ht ^^s fiwr «»ro hlfh la 
tr«otis#a%» la vfiteli th® so«aiiats if*r# lao0»iat«d ecioooiil tantXy 
it»ro9i»«otlv« of tl»o Of tfsomslistloa. ?ho ot>M«Mil '<f,«e!»«ii»« la i9l.ant 
tfoifht oooanroA la tli# sooaillafff laoffiilat«d tlffiiitaaootsiiy* 
fHo roppo^itoUoa fftolor l a tooillafo tuoetHatodi slnaltaao-
ott^Tf tmumm if9%mA%m aonmtodo an! a««ito<Io ppaooiiat f^ tnuat nao 
3*9, 4,7 anS 4»4 FoapootlTfir at ata^aat S.f l a aoaAllaco laooalataa 
v l ^ tHo HiftiwIWMit maatoAo aloao. 
laiooUMi I s p&a«« iMHi^t ott laMWiatlai mm foti l lBta gpom 
i a mmm M I M aaoalai aaU vitii jf» t—i>^^i^ IMP S J t i M l • ion* «<*• 
iMltatflawife* I M M W , ift liM rwil i i tag V»m WmtmmU i t mm 
^ m t n o t a i * itovo i M ^ i H « a rotoottoa •••Bvrai «m iMmmlmtim 
1 
X 
iaMOliiUiif tii» M«iliiiK« witu «li« r«ioti»kii»t mimt^m aloMi 
nmmt^% pH9v to fliii««« wit ]«#, 9 |3 | %4 «iia %1 v«t»««ttf«iy • • 
ftjiaiitf« €*7, 3*9, S»7 KBA 4»4 r««9««tlTilr lA iniii«a3«i miX^ fb* 
pool»laiit lfiii««t fenp tii« Qorr^spoaltnt «r«ilR«tts IMP^ 1«0% %9% 
1,80 i»iil ^00 r^f9<Hitlv«lr In tmm0.mll mil *• Aiftlnat 4»0Q| %90, 
t»2i5 Of*! %^ p««fi«8tiiNl3r tn fHiUi«»l«t foi l . a^Ytotistr <'ii <M^« I 
fidt ot&f prmmtm^ ptaat nvQvtD ^ 1 also FfHiuo^ dt tli« 70ot*ki»% pepn* i 
iattofs miA V9&%mkmt txii«ic« I 
1* J&yUEtfk ottHftfiA ii«evo«lt «na ti«sii» dlginttfratloii to oorttoal 
pafeneliarMa la all th« traalwmts in smAlimM ?!fo«n la awmi*! iotl • 
!iod i9««n far l#s« as esospa^ ad to 9««dliiit« fronn in unasaaa^d toll* 
Th@ aaiM h«2.a tfuay in ttnta traati^ant of oonoonltant i!ia9tal«tloii» 
thm ilant etixs <iiyS tti« faMlAa produoaA on txK»eiiIatlti« tfia 
9«aAltaft vtth H, inaagatti aioiM botti la uauraaAad aadi ai!«ii«« tall, 
i f l^ iMMi 9§^ haA ^m ralatlvi&jr largap, fa oeaeoattaat liiMRa*- i 
UMI oa Hi* otHw {!«»l ^ i i v • ! • • ma «9aii<i«iaii3jr y«*iM»d la «U 
tua «p«itoMiit» iMtU««t f^ MMliM WMitointBf fwar •§§• ««»• »«t»f4«^ 
ia tr«i«»ia«« iA«p« ^ « Mdtlta^ if«r# taa««Uto« lAtk fmmm pp|«r } 
to a—itiBittb . j 
Alttioiiili davUnoa la ataanpftMat af f<aa«A ataatatt wia a»to4 
la a l l tHa «ra<!»«a«^a, to* apllaiil iarlatioa w« oMalaai ^«p* Ilia 
•aailtaga war* Inaaidatat vlto toa vaa%i»kaa« aavitoAa aiaaa» Bavia* 




mt*? •oittHl* fr««tioiis of <»il,*>«ak«« urn* tmxa i^#ilr 4iL#-> 
•eliroUAl. deviddfittat of J» ialAlft 1° otiltaro noliiai, 
laoorpOFftU^A of oU 99km In soil. lfif««t»«S i4.tfii voot^^eaot 
larffto or |^ ffiiifil alono or th«ir MxtarOf «itiaii0«d fopninatioa of 
soodt of og^aAfe* 
3%a|iiif jiro^eis of ^ M^kSSik ^^^ fottnS tio b* loido to tlio 
F9Ot*ICf10t AlOSO* 
\ 
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OAlWt 3«»t«7, I M i 
**§tadliiig iaa «ti« oi^ ftisf^ s ta %{i« f^ i^ts of «|gpl«tfe 
( M m i mlftMillft 1 )^ rtfultlsf tmm. lafiMUea of 
and ^Hiito) ChitWoedi • MiiMBatoaif JBJUUil Kulm, 
to sabflAt iiit tti«si9 «o tii« aiiiftFii iMutliM 0iilv»rtil^, 
Jlifar^ tor th^ mimA^memlltm of mWkvA of tiio d«gr«« 
of Dootor of ?hlioM9liar la Botangr, 
'^^ UA.-'W 
C JSiyUI M* WtiiMlfm 
/ 
t mill to mmfm my 4«ip •mmm of fr«Ulol« 
asii iaIibtoaaoM le m • • to i t f l %«Mli«r noA loMlo 
i^f« %^p«p f^ mm^ fmtmmr iMPifen*, ^fpovteiiii 
o f BotonTt AHfOrH M9l«liB ^ l l i ^ « r f l ^ , A i i f M l l ftHP 
•UgllOtttflil |PV9%)il.OB 01*%ic(tlO oa tItO MMQn9<HPt|lti| VOlQ* 
•^lo <iiA<laxioo oaS to M,t toRovoaitr* t Amm I t to 
%• ft ^vovtlofo to HOIHE fmflor tito oupoyvitiofi* laAoofl 
I OR t^ M>rt of nof^t to l is t ttio o^itfutt^^t thftt 1 
ovo to hlK. 
I an tioAFttls^ f l « t« l^ to ^¥0f. «^ E« texiiift^ 
Chalmfm^ DiipaptB i^iit of "^toar, for yroviftliif tho 
nse f^fftf^ r roo^orob fooilitiot* Hlo tnoodtftto ho3.9, 
lovo ftiiS offtotioB to mm liat bo«i o ooaotoiit ooitroo 
of iBoplPatiofi oal to i^ pof* if, M, n, K* Aflpldi fbr 
Hii fftl«ftl»lo iBiftfitloao* 
X oxtoiii or oovitol tluMiio to Dr, ?<• M, iloa 
for mo Ho&p lA Mar «ipt« Br* i . ?• ntm/k^ Br* ii«F« 
Mr* Sftgloor A^aol oal Mr* MOM* %iflf«o «PO O I M 
ttwakoi AMP ttioir litl|>ini owpovfttlov* 
t • • ftlto ttMMkMl to Dr* AMitor llMttt% 
Ptrottw, eootval fnotltoto of UNrftiotnia. msfi iipoaitto 
Ul> 
P|«tit»» tjgmlemii tw th* ffant of spMlai Xmv Dor 
tti« Qoai^«Uof} of t!i««tf« 
th% ftisAneia], mntAwMmm^ wmAf^mA bgr ^iAwmtHtf 
^f«atf CoMalttion, Wmr Pm,iA eM Co^msll of Sol s t i f l e 
tktiA todustrial il^iNiftredi iftv Billit In th* fbmi of 
•i^alos* imi :'^ >9ittor ^osoapoh i^nlXons^liii ar^ Mlm p« to» 
fi3lljr aekf»irf|«ilf«$« 
t with to oj^rowi ii«y thankt to «^f. •%!!, A?w»Ft 
and ?.?7». -^NulaBs mjtaba fof» tHfip aatlstarjoo In photo* 
-^fauligr -^r^ "•*'?*• '^ a^fll ^Mmm for t ^ l n ^ fsitt tMs t s t^* 
rtf 'WFic in t t a i»r#t«»nt for»« 
^•DtMilxnp, 19S3 (AS^ f^ A^ ^Af.^ fl«^ ) 
/ 
/ 
M^«Ati«uir m t o U «»«n^«d ultii IMNM o i l ii«te« 3 t 
3«2 ill«ttt9*tboJLoiEi9«l. crfiaiifM i a tti« toots o f 
l i n i l F t i l it^ti iiti«iict«i w l ^ »t«i» ««li« •*• 38 
-3#3 F>ff««t «»f J3«r« V9&%»dlw» In wktm «<i.lisl>i« 
fr«#%l^!»f of ©11 ®«lt;« on ^ « rooWlsrwt ii«fo-
loiw^fit @i»! tipoi#th of •ftplanl. ••« 46 
1.4 "'HE'tfeyatto!! of fw»t-l£i»fe larvfto l?i i*oott of 
•gsrolant «««5ll8f» <?t09«^ t?i w&tmr iioltilil« 
fraettomC'.'ni^) of 'TSII <5afc<Mi .«,, 91 
3,3 '^ f^foot of mtt*»T mVahlm fm^ti^-'^w ('B'^ "i of 
o i l mtkim oa %ti« wortalitr of laf»va# of t*i« 
•%# '^ffiiot of wat*r i o i ^ l o f*«otlr>n« (•*r.f) of o i l -
o«te»« on laFml »iafe#tine of tl»« foot-kfiot 
SHMB^tOO# « • * « • • flS 
%7 *?ff««ft o f urntur s^^lt^lo fiPtt«tlon (mw) of frmr 
oil«9alEiMi oil fi^ fi'^ 'ti aikS •sluipotiftl dovolupKiiit 
o f ^ JMnttflL *** *** '^* 
3«8 Effott of 4&s«i«o 9otiia.iai aa tooA fomlimtioii @I 
3*9 IfftMt of tero<Nra»««Aipi i a oaltnro f l l t v a t o 
of Jt^jH^lffll oa tlio rodtwiBlit dov«l«pf!i«i% and 
JlPUiilll # f #i|gff|tlillfc •«« «•» 60 
3 . IQ ^mv^amtlon of ff«ot«lmil laiPfa« i a roots of 
o t«^aat MoSlififs €%p»9A i a oaltaro f t l t r a t o 
%Xl iff*«% of oaituro f i l troto of J . Jfiliili on 
«M aMPtatlr of ioifao of t%m r o o P B t 
aMaatoa« ««, « „ Vft 
' \ . „ 
3»li nffm% of «ti«aip« fti.ti«t« of i« lali l l l on 
f mmmw3w.B . . . . . . S4 
ft mmnn,.krm . . . . . . u?r 





REVIEW OF LITERATURE 
19tiaAtod«t «?• »tfniflo*nt ooiBpoii«nt of tiio soil edefoflor** 
Tfi« amhme of taaividuals p«p B^ 90U It In s lUtaas , THa/ a«loiig 
%o fetiQ troptiio l«v«l of tli« 00iupar r«y ti«iic« lfifl.u«»e<«» «ti« proo#at 
of d«fi«dliitiofi mf^  ralneyftllflfttlan of orfanie mu.tt9V, mostly Sua to 
th« trot:^c r#Xf t l lathlp v«iloh th«r «sta'3ll«ih i#lth jsther a«i8b«p» of 
to l l biota (?laslgu«rwi, l.^7>), 'laat paratltlo n«Batoi»« «ff*»ot 
th@ Bi^ ocl'iettoa aw1 ©cosioigr of th« oitm* In -t?lir«Fs« vays msh M (1) 
y«diietton In q-iallty m^ qmnti^ of cropt (11) n»«<l of iiidiitlonfti 
fi»?till»ir ai!*4 imt#ri (111) aptjllcatloa of a9!i^tlclti»s ana ( I T ) 
l!?ip@flliir»rit of proluotl-an arvl tiwla *>/ ph/tosenltary rogiilatlont 
i'-mimH-r^Vf X^^)m 'iti<t aeo'^ ms of darea?*© catisad by plant parmaltlc 
ii«i:;),tO'l« l» fOV*t?n«a !>y & niJSfbor of faoto-g sneh as th@ a«i-:..,tOil« 
spoolQS, th® sla« of aam-.itoda population, misoeptl •>lllty of the host 
plant, envl?0Qfs«ntal faotors mid prasanoe of Dther organls&s 9to* 
Hiare Is pauolty of Infoim tloa as to tha @met mmm% of 
lossaa niileti plant pamsltle n«mato<!«s oaiasat Howatart t ^ Infbroa* 
ti'^i ^u-it97«r Is av«ll*">Ia, Indloatas tiiat thagr ara ^ana to arop 
P3<odaation» Xt tias boan astla^tad tfmt tha erop los3«s by various 
siH»ol<^ s of aanatodas a»oant to 10 paroant (Aa»n| 1971}« la tlia 
1T.S»A. orops wortli t 980,000,000| f 5000,0<X>,000 and *^  37%.^ 15|0{) 
wm lost anmially <3tia to plant para^tlo nanatodas aa paportad by 
mttohlasoa s t i^* (1961), Califia (1^S9) az«! Taylor (1967) raapaa* 
t lv^y* !$oat^ 4iqr aaS ^^ asmal (l^S4) aatlMtaA an avara«a Mumal loss 
In potato to tha tuna of £ 9 siilllan raatatlat twm 3iliGBJbuei 
\ 
\ / 
AU«i anS !la«j|«iiU (li«9), ti^ mmmX ioas«« dtit to a«natoil« 
AtlMk la Cftllfomla v«i« of t!i« or«3«r f^ to Biutoii 4ol3.«ri« 
Atoofdtiif to tho Mtiwitot vofortoi bf Fild«ot»«r jy| jj^* (Id?!) 
Annual loisoi dtio to iMMi&toaM la ttio !1»S»A« la ftfil4» f?tilt| iroft* 
tobio aiid 03*»Ui«lStAl @70|>t if«ro t l,03a^374,300| ? 2S5|148«900| 
t ^6|989fX00 and "^  S9,S27f€34 r^ttpeotlvtisf* 
Infoftatloa !>-/ root-knot s^ swatodo hat b4»«H3 observed oa m 
vartoty of ?«f«tabl«, flb^r B.nA oil ei?o»«| at « ooasoqiitaeo of \# l^eh 
^vtmU^ muij of thoto o?oi»9 bai^ o b^ s-.-sno U'tprofltablo (^ jpaattd, 1064| 
mtkn i l jL«f 1966 )• 
In Tn-na, aceordia.'? to fan nmvkm^ a»l n^«!pi (1370), lo!is#g 
cau3«r! W JM^^iM trl^ttoi (:>t«lnbtKih) C»iltw>od on '^#at, %tiae<Sf»ia 
Gooi5#3r on eoff«« aroimt.oct to 10, n ai«! 3 still Ion dollftra V09pm» 
ttvoly* 
ntmatoA^M W t!iflnf«ivtt ar« oapablo of ca-islaf s«v#f« plaat 
lotsaty boi#«v(%v, i4h«!T soil la infostadi ¥ltti ot^v patbogtalo arp^ 
niwf la addition to pa^mgmiXe aaB&todot, tlia daaaga boaen^a 
•«vofal f<]|4* Ttia UtaiataFt peptalnlag to a«aatod#»f^»giia, 
aaaatoaa * baotailA, aaaatoila • vlnui ani aMsatoda • awtatoda lat«p» 
aotloat tiAa booa faviavad by Pltaliep C13I^ » lOSS}, Powau (1963y 
1071a, b), flillar (1^68), .^fo!i»F (1^68), Bopfetoa (B?a), Hortoa 




AtitiMoii (nmt) tor «h« fli^t ttm^ 7«i»fl«d that tli« iiaim* 
3«ltli (1^1, l^ia, l^S4) and nmim &ad Dlek (a^ 'l60) ob»©r»«4 
that poot^ lm f^c lii^«x An& ntlfe p®r©«atiif# \#*r« posltlv«i^ oopfelattAi 
and th*-3i*®fo3Mi -^ Hj^ d timt la <5ott='3si brtadlng ppogfimri© das &tt«atioa 
sho'ild b© ,'mif! to fciils &«p#et» Perry (1161) r#port®a that idlt of 
Qotttm mts iaer0as«a stfy^ wU. fold whmi oottoa s©eaiia;:s M®P0 laoou-
lattij .atti 2« a^p^ ,^ .pg^  f* y^ g^ Qfao^ ->|| (i*y&*) Uyaaior and ilafis«a moA 
t 
3b»-^ pv«(! tb. t -rfhiia cotton teadltafi v^r* Inotsiiliutod wltli F^i|ftyl^ la 
' or 'grl<gtiO^ <l,mi <^»'^ '> ox* mf^i^tfl3M,<IM ^obh or iliaLlg9lyltiW<ltti 
Bt«ln«r, tti« lml<l«fi«© of wilt li»r**tti««S Tuly la %%9 prM^ac* of 
^* laa*ICTl,t» «na «^ jy^ s& H^Jik AEUSUlf tH* ot^«r r«nalalat awatodfts 
fftU«d to #«prt •idv«r«« •fftet* 
<^^<IC JH AL* (19(7d), wiiUe tt^rla^ tls« lat®raotloa butiiMii 
£• ffarWOTttl ' • f i i l ag t f l^ •»& wf%mx ai»«ele» of a«Kit<MlM fis*, 
XlMMrlHiilllUBi ^m <m vUt •ut8«ptlDl« oottoa vari#t;jr **ioiid«a'*» l^ anA 
^^^ I* mlmJm "^^  »o cfftot an tti* 4iffiAo|»aii| of irUt ^ t tUt 
rtnalalas ti» aiMto^M tEdiuiMd tlt« ••v«pllr of HM MviftM* 
. ^ ' 
/ 
wvt% Xwi^x^j^t^ tflfcli fffffl^ f^H^ ftlifmi f i l B ^ f f H Mm* along i4,%li 
oalr iii«r«iMA but tfllt tyspton* i^««r«d •&vU<»r* ffoidflMiii and 
dfvliaa C108i|) t&mH Vm% fell* ppvaoas* of oviii sting iiiMalod«| 
UAMffiUISSi jQQUlJJij sttoiaw, r««iilt«<S In bi^aklnjj tha wwlstaaeo of 
ootfcon 0 4tlvar i»««lstant to F i^^ gltjp^ wilt* %« 9«»«^lty of ooticm 
wtlt wa« laor«j»o<l --jy £ . <ygyiaffM»I* limidUSilMAlSIt ooobln tlon as 
P«^i»t«id b;/ C«K»p#l* an4 ;^ro^l« (1*»6!3, 1363)* 
Hlohall a-^ '"owiill Cl^f?) wnoirtaa that f. f^'mmtmx^ f» 
p.t«khov«n o.''\mbln::tioa ala i^ 0iih-ane«! wllttn?: of cotton^ liowover, tha 
Inerieaff .^;aa jtsora iiiiar* t!io tv^ pr;tHo-:T«»n3 'II^ SP® Inots^ Jl.^ t^ d slsulta-
a«ou3iy op vh#n ngn'-O'it .MSI v;:M«d t-aw w©Qk«» pjlop to f?jingiia« Mlaton 
aa-l fltitan Ci:)6-1) f^ p r^tf?':! tnat In POOt*toot*BlJByClJB o-mpXaXf glaat 
eel ia ^pe ooloala^ '-•/ fjc ftiapii both In r^slstaat anti gnaeaptlbl® 
pl<aiit of eotton ss a res'ilt of yi^ lob t^ g^r baoaeia d^^olA of protoplaaa* 
Mlntoa aiKS t^lnton (1<I€6) fotatS th-.t «tlnf niwatoda op poot«lmot 
n#a&tod« a l ^ a failad to aawi^aaly affaot th«? aaapfanoa of ootton 
••adtllngai lio;#avap, tcv^pa dana^ p#iri]lt«d in tlio tmam •••Alicia 
InoanlataA 9<mJolntlr vlth ttia ftm^na ga*S ©Ithat of Vtm %m iMMBatodaa. 
Haftl (1994) ^mvmA tha Inop^atai tavaptty of f^aapln^ wilt In ana* 
aaptibia ootton fari^tr than In wilt ptalatant taplatr In tha ^ra-
••««• of HMflBffitWftHa yanifOPiila i.lnfop<! ^ ^ I w l i a . fHaaa fta!lni?a 
vapa alao oonflfwd l»r lQia<9p j | | jti^ . (Ii7a)» 
\ 
not r««%H.«%«a to oottoa tmt Hud ¥««n rf>9»irt«A in BMBT o^mt «?•»•« | 
HibfUr (iwa) r«9orl«d tte% mtftiff^ t^ B vil>^ o^ tamito VM WHP* ••IMP* 
in «!!• pv«»«EiQ» of l|» ^lysoggit^ Slsll&r latorMtloiit ultd 9»ot«inio% | 
a«Mtod« and voot laftoting fungi woro noUooA bf twmg Cad40) 
on toaato« fount (1939) taiA Hoivlioa onA Yooag <Ji941) roportod thnt 
7eot«tcnot nwrtodo groaUjr doeroosod ttio roolstftneo of Enoagr tomlo 
ir«fi«%i#s to f^i^gtt^ vllt* tTonkint mnd Conrfen (l^S?) roportid tbRt 
oTon on tonato Yor» ^doMpoko'* roslstent to ?^onyiiifiy tho preionoo 
of €ltli©r jj, liiBoirnitn or ||« lyuUyi Chitwoo^ prodlspotoJ tho plant to 
F^aarlt^ atteok m^ wlltlnef p*^ro«ita^ IMS 100 and no rotp^^etlvoly* 
Boiwian aai Bloosi (1?I66) d^wonitrat©^ lHfflF«ot r«a.atlon«hip of 
iJ» ,|flff?^t» *«» tH** breaktuf 'if yiwlstaneo to BUftliSK vl l t In tonato 
w'lloh ai3|i«ar«d to e*^ ianfft tht iaHyflolo«gr of tho ©atit* plant tii«»yob3r 
raaklwr It moi^  auacoptlHie to ^garti:^ vUt In t?wato uhloh aopaared 
to oh^ifo tho pl!y«lolO!?y of th« %nttyo islant t^ «F«^ ry tiakln? It noro 
suaeoptlblo to ,^iiy|ti | wilt. 
Kmmmsmi and Hifnao (1967, 2968) roportod that 1* i||BOfl^ at^  
*»A f^ ^^ iPiflH «<Miplox aoYorolT damai^ od t(»aato i00dlln.?«» In a lator 
pulblioatloa Mrmm and sn^ nunfm (1^3) oJbatipvod that tho presonoo of 
ll*lflififltfJi fltollltetod tho ponotratlon of f-ftlTiiftrffli f•JJOOUtlAiyL 
(Sato*) Byiidoy and !lant«i tftn on noii»iii^ plantt, Aoooi^lng to 
Qoodo and MtOidvo (19«T), aonatodo inftott^n oniblod etrteln latot 
of Z* msrnmm t* Um^WnM to infttt lonato varlotlot of^lnivllr 
rotlttant at ffmrnaSblr ttio fnnunt ttndod to mteto iritttin tho hatt, 
nut^mr and Hntthlnioa (1989)) MI tho otHty haalf voro iK»t i^lo to stt 
f9«ltlvo Foonlta* lotonUr UM»d and m% (vm) rtported that In 
/ 
urtiftfi Myli«r« iiMMMt «n(l !Na»«r (1^74) ww^rUA tHat «f«9t t^ wil «• 
pmif hmn^ WBij^vn AHA tomito hmmm- ««i»Mii%i!i|.« to tafit«tt<»i to 
•ot%oii itoaftto 9f 1 * ^yfBflwiii f« s^lafitttqpi ifltwi gvotfi ta mil 
tti« wdtiotlon In «!py wti-'Vit of tlKMit of tho jraM^tlblo oiilttmr of 
with idtli'«r ^m l^ff^e^t^ ts^ f• ^ygoofii^ f* |^ yiQa«pat«i (^ r v l ^ tlio 
Bixtttro of th« two T^f^oetlvolFf iA®p»»i| no »uoh fwdtiotloa N^IS 
ol»r^ rv«di In tht roilstaiie etjltlvwr •l»«ai»»on W*# Coitae^o j ^ il^ * 
(1.378) yi^oftoa that «^ %moESlLtA %nfm%^ O'aoiastoar ^«atf booano 
Borc giiie^iptlblo to ^« a^ifyyioi^ f • S2j@||mielliai «• ^^^ »> ^ 
Vogtleili^m ii^(Ujyi« 1%oeA«mi ClTlf^ } i>«po?t«i that tli«» p!pi»f«Qo« of 
p'^ ot-kiKsi aafiiE^ tofio, M« JftlSlliyi (TPOTII) Cfiiliiooa mtltmmwi th» lml» 
€tmm f>t nut oatt»«» by *. <Mrigft?fflf U ,lllt^flfflUia C^^^P**) 
Ssrador an^ li*tit«if i»oth la !ms«»ptlbi# f»r» '^Hltio-3* «f*i rofittaat 
Vftr* '*^ i«Bt'* of bjlaok osro^ aan* <^»^ l»Il>os* j | jy^ * (1^99| 1^1) 
obf«»w«d tliftt tli4i e«F8ftttoa wilt Q«a0«$ by X« o y o * " ^ SotHootit f« 
Atantb^ (i^Hli* msA !>^«) eyaftor «»«i Hfttitoii nat mSimm^ la tlio 
fvMiiMMi of ||» i f i r i i iWmX) ciiitiiBodi |f« ^9§^f^ HHifit cmtwooa. 
ttio iMPOfOiieo of t top f t fag t t t futti «• i^fa.i^otylaao^f H M U I 
St«ia»p and iiotj»l«!^otoiii|| ^yuaftAi^ ^n (Oo|.d«i) P«nrf* 
M*<^vo J l i3^« (DMt) •Utorvad tdat v U t laol<l«ioo on ftllMLfa 
•ttiiav 1 * i M l i t !» f i lMifWi 1 * *fffrT^1l «r B» l E M t t l i * AM»ftf lag :i 
6 
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%h#99 1MI9 m'Msm irltttiit «»f •tiBOit •••ilti ifa* 
«Qte«|>tlBXe omtlvmr* Toimtcia an*! r^tttriil. (106t) ?«?)&!•%«« thai t»i# 
••f«rl%F 3f ?;i^ ^y t^fi wUt la elifyiftiitiliamiii m^Tm <*lo«l}«ri** nat «Btoftiioti 
Qxy«>oyq|l f« «^ QQfi;3,titj.qaqa CWr*) '^ y^m^ ar and Hans^i toi^ attV'^ r li»ir«ftt«i 
?l9l^tm C1177) ip«porti^ that ^. laaogi^tft-F. ^yr«Miffiff f, 
b^t^^f (^^v) "yfi4«r ftfd I^ftcisan e^si^l^i 0aits«a i i it^a« a*tr«»«it oa 
t<»i>ae9o rootsy ^«r«as mmh wmpt^m* mii«a to aan'ia.isii la ulaatg 
laf8«t«S tfttfi ftitigoi aloaa* ^9Pt«r ai^ ^^ oirdt.]. (I'MS?) o^atrvad tliat 
to ttia a t t a ^ of f• oy^owifi f, TtffltltiilMlfl ^<in«»ni lMiv«w«Vf tiM 
daaana nat tmv fotata irliaB aaaatoda tafaatton nipaoaiad tlia funfaa ^ | 
^ to 4 naalta* Ponall ani nattaa (1*389), fomm tl^t It* |nfff^|%| 
IMfai tlia Mar tor tha aatrr for aaaowtarr orgaaiiB Ilka iUflBBISlA 
*TT*f ^^•f * f^ agaa oitfiaarllr a»t pattMfaaia oa ta^aao taata* 
7 
£• flfp''M"'W'*ff f« itfUBi <B«f«s*) syalay aaS SMaaan aad 
^^•^«"^^lt l i i U i i (Cobto) Tliaffna ar M J l t f ' f n t iP« «««i^«i aa tiaaaaa 
I v w <ii3MAr «»tMi ^ t t » CliiS) vii>wpt«a g v ^ i i ^ twAiMtidtt l a «Nnrl^ of | 
j • i t f i i t tMAllatt ifiWNi iwonitftfecA %d^ Tf l—tWiH HMtftflnttlim •^ 
£• JMlABl ^^^^ v l ^ • i t l i«r of tell* tuo aloao* 
! i 
tlon vlX% owitoA by jg» fiyattWMi f• a t ^ ^ lAt laorottoA ta tbo pro* 
•»no« <3f <fin<»9yiiiil^ tt memsmf tn%tkwmM §Xamm^ n* tali a^^  
ao« la tbs p»*»!i«i«« of MWiff^tHlt XS^axSm <<lo ma) n i l^ lo t . 
3«v#roI a<iisiitod« «p««i9« la omiblaftttoa '#tth <!tff«roat i^ AOleo 
^f V«^F i^otI.ltiii hmm b#«n lnarl«ilBat«4 la lifibAaolaf %rll.t la a aaiebar 
of oropfl* ?^ iBiwpl®« ar« X» Oilbftati^ '^ •lalto aaiS n#i« i^ol« luaA 2« 
t}«i>feyaf^  (Cabb) ^lllpjw ^ it«lif»viBi on «fi9loat C?«eK«aa aafl 
'^•otmtaia, X980), |i«^«mlnt t9a f^«if>af i?li3), -^ ?itatfl> ('%Fslnk awS 
^leh, t«l€i)| tfw»lo CCoai»of j ^ . |^»t t W t ) , i»«fi«i«r C '^Ethof »»«• itroof 
i*i69> aaa lapotitat c>^i«p, i0mu sith m,mi^^mm^m gjgllitBi 
Allm, H* toftttJBrt^ (^v«nwn AIKY r^ aiov, X970), trlf^W^fai fllUflllljd 
Alloa (Coaroy «a« ^roon, l^M) oaJ |ff1rtmi«^ ,fii MmmKL l-ooaitoofy oai 
LoiAgbovy (MlU«ry Wf») oa toaatof wlta ^ IMUHA ^^ potato (Ji^ a^^ Oia i 
Jft lL« 3d^) | vita J* flihlttf Kl«b •»! 2* BMiatfaaf rni towto 
(»«OTaitftia and )4BK««R, 11811)$ X* | ia | .^^ oiifi f • alaima eiiar a»! iOlloB I 
on 90|»pofala% (mt&lwy ana Stotlaadii W^U i 
i 
nm l9«ilga«i aai Ayala (1ST7) vopovtcdl tiiot oooploK lavolHag; 
ilttiliiaiSBtt JMi OvotMUR vita ••faial ^laii «aoli at 0i|foa|iai4„§ 9^ *^  
I* fiflBUIfiOHl Soliildoa, 1« i^igL K«ftia aaA Hinfitiiha«ti^ •»« 
M^vooooi tao foot ffiai^th of oofilMa 9l«i%« Orioa aa8 i?oit«P ( t ^ l ) 




to «tl%» in taNiA«ii«At«t wd'^ r^  9lm%« if«v# tiii«naftt«a «l«i n<«ittti» 
M dmf iMpioy to til* l^ tiMEOtt ns vlltliic 9«i«FiP<iS vlth r««lgt«]»t «iil* I 
I 
%%^mf imt on v l l t fi^««pUi»i« onittfMr «II«NI% 40t i^Miftt ^i4 not ifllt«| 
m.mmllmm j ^ i|,« <lf@t)t <»» ^ ^ ot t i^ ^ M ^ , fftli«i to o&«^r«# j 
t U offffot on tmiol ^tftto on tfXNntitAtifii I t mtn voot^kiiot * 1 * 
fit* »Ml«t«iie« la ioiMi««o «ttrl.«ti«« to iiliieK iliftfiie f^ stigiio, 
r«auoedl la tit« p9mmi99 of i%Mit*ltiiot nmmto^m^ Cfiadft|,t« ]^3I| SatMT 
iatdPsi^ tiQn b9twmm z* mm§%U,m ^ ii.i^Htait ^^ ^ H* l iwiiaia 
t f i£t l i r«^p%«ft that not onl^ r th# in9ld«ao« of 4is«a«« tii8?«fts«t! ^ t 
t¥io f^ snpts ooiot^ siiA thii pdllflift tlsonaik A sisllftr mmfiXm. hmo b««i 
c^uoPt 1^ )^ And ^ftriiHtt^i isiiiiisayi^ 2* wmmilwi Hitlltaif 
(tiMiftlA ftiy! ftoiNAl, is i t ) . «Nti« on tiio otli«r lioa«!t on oittniontotto ! 
I 
lRt«f>«^#tioa 1i*^ fo«B ^ o^yaai^ff f« n t f t f j i i i f ' ^ £• fffHltlfftW M^^ * I 
r^ mwrtoA on t«l»o««o (iloIiitrv# « ^ f^].l«r« IVTi)* I 
m§Um «ai 9o«(i«v (1038) ro9oi»toi tHot in tuo 9ip»o«afto of 
S l U a t a M S n i JlAlJttMi Wll«a«r on yototo, OMProt, rodktiUrrnri 
toMtOy nAwmm me$ vloi«t oooillttgo mo iaotooMt* i^«iit«la oai 
aoMilot ( IMei ftpwpto* tlMt ooapioMo iKiolvlai J^ gynui •«> 
\ 
9mBw%9A fetot jEtiymli^OttlBtt anilfli vtiiitai uwf«M«i ^« 
i 1 
«9ffMl«t«4 ^tti Hi* 90pvi.«%l«ii of Vm mmtoAm* Mima&9 msA 1101(1966); 
! f 
mmmA ipemtt*r a««p«ii« la wot aivt liieot fvowHi of atlMlfli ftai 
«OL«fy t Mui «itti«>r of til© two fatHof Mi alono* 
.4pt «n<! Koikt (1196^) fafoiy! tliat !>»tfitiii^  ^ ^ f i ^ t o O l f Sitflfftn«| 
oad H« taoQgaitf ggXlM. pp^ <laQoA ill»«ff«ot ^ t^faMOa*, imy^Wf tho 
lli-«ff©et was r«»tyt«t«»a fes top f!ro-.:>rtli ai^ not to soot fyowtli. ^^ &ato 
and Holtamaa CX:170) T9^rfi that top as '^ l^l as root fF-'^ vtlit tf«p® 
r««uee^ ^ « ,'''i:f,|ylfl>^^ai. JSSi ana 2« ttiitlall^^lil «^3»« Inocalatiia 
airmltanesmslsr or "-i^ hwi ftmsttJ pfmm&md, fM« n«i»&to#t« 
Oal«!€«i arjii 7&n nnaOy 1373), '4hll« stadlylnf the »»iapl«x lJWOl« 
''?lJii« HytiftA'*, i-^^rtod that |i«nii«bllti^ alt«»witton dti« t® pai*** 
•itlffi of »»mtodl« antS tl}« sMipiltiiJla of l#alEago ^ s <»9tl»M vlion tlio 
f«BiX«a etaH*! »it«i7iat« in a latai* p^Iioaitloa, Qol«t«a and ma 
aaai^ (1^9) r«poi>t«4 ^lat olera ami! tonato 9l.aata ipll«4 ^ Jf* 
^«—^JiHi tNMMM titflilr ^aoootil^o to ^la latailea 9t 1» mMA$ 
Heiiviov, root daeiqr ootuprad 4-3 m^Sf aftor aaattodo iafvatloa, 
^mmmi j i i l , , (XfTi) f«povt«6 tliat 39*3 fmmt tonato laaata 
vUt«« ^«a iaotvilfttad wltii i , l iattSi i 3 vooka ^srior to iaMmdatlon 
! vltk a* li l itfirila (fMi») Battlor aa afiiaat I9 , i , 6«t aai 6,7 ^ai^ . 
I a w l i^tt tHa tiii fatHtttaaa mm lao«id.4tai atMiltaa«a«i^ or uHH 
V __ y 
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ii»irwito4« iaoottla^lait r«ff>*«ttv*iy, t^p^sy tt^ntiMr « pNiittfOtlttt 
•fft«t 9f Wtkm mttmtoA^ on planlit* 
•otl««ani iil»tar« fRploTt^* ifoiiw«r, dlff•!••!»•• In Dopulatioii of 
n(»mato<l«t i»»v« hifltftft In f«ti9«.lo(ia eilxtur*. In a l&ttr ntii>itoattcHii 
etihftbfft skMX* (1^^) y*parfcad that fe»i« optlnftl r«a«eUoa In shoofc 
an<l i*o«>t fipo^h of t!i« plsnt oaeti?p«dl i<^ «n plant* «ep» Inoeulafcta 
wltJi tw p.->t;»taf«is «l0«ltaa«mi8l3r» !>• aontsa (13'?®) r«poy'•.«<! tiiftt 
i!« ^«i^g Oo»iai a?^ 2» ifflt'f^ ^ ©tJRitjXim <Jiiai«a i»«n« yoot a»c«>fl« to 
8aff«« i»<idttlnii:f yiHim ntBatada prooeaedi f^ m^ i^w tliaa ««fi«a tjoth tis« 
k9»m (137-5) tm-lm an f^ xt««n9lir« study on thp» dissBia oo«pl«3i 
Involirlaf ]*# IneoiEnitf la o«bi»^tl»ii with tliraii f"infl, vi«t, 
Ta^« on aftplftat and toaato a?vi r«9^Ft^ fiat oDtioal €aiiar*« 
oaoixfrad ^an niants vara i!i9«iil<"t«i i#i^ na»sito<la p^ ftar ta fva^* 
f^ i>tti^ y, ttia astaat of ^mmf9 <!apan^ aat isaan tfia laaanltMi daEwltr af 
al^ar of ^ a tvo nm^tataos. Mtntaii and Jlioleaan ilWf) and Minton 
J i i l * <wm> vhv^wwA tfiat tha fi-annaniy of Jtttfl»U]Jli ISilSUI 
l^liit* ao Ayfaatliia ipanlali p«aiiist ttiails Hit m&v %n t^ lanta tnfaetad 
^ ^ H* »^— *^<# ar 1* IKBJA* ^ *^ ^^  lf»i*4ia»a la fraqnanajr of 
i j u m l l l i i ir^laa aaa aaaiiyvad &ii paaant infaatad ^th imJa&jnS&ttl 
ay* (JMtaM and Mtsloay 19itK 
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Muna (19IMI, vm» vomslkm iavnlflac 2* iJUtallJBiyi •'^ &• | 
AlmtiSiKtiW A"^  JU JflfUSl «l*o 9in««i ••vtr« drnmm^ to toiMito, 
fMNMtM^ , r«Sit«%loii in 3rt«l.d w s • » • ^«ii BtMtoi« prooolii faagM ov 
vHM 90t«to«t tf«r«i if»«ia»t«S irfltH ^ « tm p«itlio««iit tlaiiltftiitotttlr* 
SfttoriiaUe itit«vft«U9S ^«tvt«fi oral A«i»itoi« «iii £• ft|wftfMttitayt^ 
*«« JiaiMPTgil Wtmifl^M ia rm%*^% of ganoiplioot %»• alte obsotvtA 
boot amatodo liai olao boon ropoptoA b/ Fpioo msA Soiiaol«S«p Ci!l^)f 
^^olyotitonopoaloo jii AlL^  C19@t) onS ?oijfottroiio9otilOi CI970)* ^sr (1^ 7^7)1 
vhil^ svo&nng tbo latafmetioa of JJU fffftlBffrtlHl.t «ifc*» ^ jaOAal/ 
£• gQooodi^ i on %(»9)&to oy* "I'ditft Craii** fount that domoto not aero 
v^«i 9l&ntt ooro Inooul&tol ^th ntsatod* prior to faopis tbaa la 
tr«6tm«nt9 ii^«ro ftingus proeadoS t^o iMoatod*, 7^s itA him to 
oofwludlo that th« foagl In tho l o t v tituatloa litiilbttoA th« mmh» 
foneo of iovonUot froo tho orat* 
taoroooo ta reot«iiffot of oora hgr jg* XUUBM (^l^^ Syail#r msA 
EllftdLiilIni lirftftlrt ®(«la«P oo^paiwot wm roportoft OF Kioitoai 
J l i l * i^^^^ •^ POUMT j l i l U (1967) roipootivAr* nOaor oaA 
Nitf»oao|4 (1W4) alio ropovtod a tiatUov latorootioa botwotn 
li« 1—«Mf^ |ft aoA JS» imilMlMni oa aalatb 
Pom^n am Battoa ixmn) oafl Noloadot aaA i>o«01l (1069) 
ffopovtiA that tolMMOo oooillato aaS ofoa aalaro ploatt vara Xoaat 
-> f a 
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mttm^€ Hy JU J H M i t ^adHIOI H J I m ^ » ^ AOS TltHlllliHHWi 
•liRtl<sftii«o«« tiiMiil«Uoii ¥itii ^ « alaov* ftmfl ««! RMHtodlt r«tillt«A i 
Z* ^ fc i« i i fttfeft^ la ^ « pT99mm of J * Iflflltia&li* ^*^ fOBiat I M « 
f^ 'WKf to eolofdw vrnmiy on f«nii« t i t tnot (» t^f.o»Soi AtA ^wnUX^ 
X97Qt,1>). '^oifill j i iJL- CX'i^i) ob»#rr«« ippttttr ««»»fo t» a««* 
4iP»,3P^ i^|3,^ tif, ,'>fry?,il,lj>>^ an»« fylfOi^frm la tti# pv9»mmm of wjot-ksot 
n^tiiAto€«i fivo;} %lioii|!li thuso f'^mfl iifo noftk p»ti%»gt<»nt on ttiis hott* 
S8l«potitni goflfttl^ S6«©« as ft'ittlmfe 6 si«re®iit ^©n tao0i:Jl«ii«d lAtli 
fyi^ui aXoao* Aoooraiai? to r«s»©ia jtad ^ntofMill (117S), ^ o 1BO14«IO# 
of poa«yot of poftimt i^tt ip»«nttly muhtmm^ W £• l£Sls£Zl3tt titmMB • 
If* •f^ BM^yJ^ and ^« JB^MOX * Jl« *yf«fy|p eoapioaiot* St«vr (IITT) 
obfffti^ od root aoofotit • • w#U «« #ston9tT« foot»^llttiir ^« i i ^Awtf 
Dlaiits ii»p« liio«^st«A vttli tli« iidlx^f* of £• noiwowitipiii anl 
lotH tuBA m^Stmff^ iVfTf) r«907toi tliat f« oi^ftpi^f or 
X* o'pi^toi^ lafottt l lon Mttio* #st«iifivo root iaMfo to n i i o * t 
Hiffli populAtioa lofola* RoHi <aa^), ^ tHo otlMirtiftiid, Obs«rv«i 
tiiat tlio iof«l«pi«i% of fungal root»fo% of 4«iit oomi l a U t o Mtfoa 
i» not iafltt»«i«< br tlio proiinso of SJOMJOStOB *ni« ^^ 2* 
. / ' 
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Inv^iriBi ^ jfl l iBi f« ^« ^ ^ i t t ^ ft^ £• i t t t l n t t ^ I* MMUtlA. 
of %hm fvmm^f POii%l.T tii« titmt* %nfm%«4 vitii tiin&toAMi sfiouiA ^pf* 
rot •imptoiit ifhU« »% l i i ^ laooml^ R i«v«l of tti« fiiii«tai«« All ttM 
plants* iipr«sp«»«tivft 9f th«i fasnt th-^ t tlmr miT9 atwitoS* fFM or 
a#i?atoao intm%M i#©p» ?!lf««i»<i<f i#ith t!i« ft»iim»« Hoi#oir»r, ii<«iiatoao 
laf#et;l-t»ii ha^ no nffnet oa fch« 9t^«rlfc.r of th« fiaig*l <Sls«®wi at 
•Ittiew l'#v#l •'if fiia.«»ii» lnoeyluB,, 
foiled tti.-.:'t ytiflsi «>liry»»iith«wsaBi siyifelv&r l^oab i^pg" \At l,aoe«l©t«d with 
ImQ^M.^ llI-»ff«ot« w#i»« pr»:lu«#4 wltft ^tfi feHo «W!S£ifcodot» H^w»v«f| 
6i!5oaa« 'a«ir«Flt3r -^t faoi*© la fjoRblik-ililoa ^ t h tH« fb«w*r n«iset»!!o. 
JoTt^jjt^n Ci9?(35 otea«rw-dl ©itt&goiislsstte affoot la g* f o U ^ t l ^ 
< ^ Z* <M|y«i«f^ ooiiipi«x ofi 0tafftf^«»t, slneo He aot«ai l« i tor di^uiio 
to fttfAflioot l a ttTtmmmw @f ftiopia and iiwftto^Sof tlmii lium awatoio 
Hyior mnS Cfittondoii (ii«9) m^oi»t«4 tUftt la tlio ftoot«iaaiot mA 
"^iMKMtmimm ^muAmm ^tmmh ^m^^m tn* tmmlm* of t ^ MMktodo 
f»U«S to ottftis mtavitr* 
flmmntii ii*»tt«»«jaajnalttxiiatti Aimaal stoiattr 0Qi9i«i| tii« 
tf»vUi of mmlm plant « M eoiiH4«ii^lr f««iM««» inooBlatioa of 
HmSUBBk ItflHMBtfJL V^*^ ^^^ ^ * idl3ir»iif« of 1« MAIilM« Iff M i l I 
pff*t»«aid aMit<»4«, !»M^t«d la • 9fmmifi9%i% intmmanm (s«taftaff wii 
it«piQl<?t and !l»ii«Qa (l')9r) i>»pop|«dl tlial |i»st<»tii«Pitne« drnpiiifl 
off in 09%taii« OAUsod by ^» JS^ i^Ell ^^omam si«v«r« in th« pp«t«ie« of 
&* inoQgHit^  iSSUii* Aef?OT«lnf to %ir%aa (i960) e<M»i»i«TO« involving 
I9U ia^j^gnit^ with nitlic'lP J« MQiiMSIk ^^ ?!illrt^ oxyi»QPiii^  f• 
lia^ftfjgla OP Z2llSdL» JittilXiBHi Ji»»t«' eati»«S gfmter pp«-««ri:«rse« 
dftispiniiHiff to ootton sofldlinfs thmn either of th« tliroa fumii Alone* 
siaUar x^ttats woro <»t3fcalnad by -Siito ix^n) and 3K}dio (1^3)« In 
» latwp pii»lie«tioii 3ipcK5i« an<S Ccop«3f C3.16€) youoytud tneraftiodi daawf^  
to cotton lo^Xlfi'^* by j|» jsfly^ la tit® !JF»g@aa« -af H» |,ffeoggitm ] | . 
%nmMPsm^ ^»^^* l^v^rto «f ^ et of il. JBliSl-^. lAttlllfli/:^* 
liBlA ooHplvx on wfsifbmn tmdlljim hut b<<!on i*«poFt«d W fityior and 
i ^ l i o (1^199), Amvml and ^osMud (1173) obtApvod that !^gqf>Mt^fT| i 
n^«oo]t/^  (i«oi«»i«) Atl^y and ||* inooffi^^i o««i9l.«x oansad optima dasag^ 
to mfiimm Madlinfa ^m n«Kttoda inooiHstion oroeadad foatal inoaii* 
lati<9Ha» [ 
I I 
Advavaa affaota of paotiiaiot*»aal*iot^ m^f^ |^ o<3M9lax on 
twato and J« aDlma^ ^TylanaiiMfkvnah^ b«^«rtf|^ Siddiqi aooplas on ^ 
tattliflo^av aaadlinfa vara obsartad by s^nlda ana SMmp (1970) and 
'^ ^^ At  jil jy^ (1^1) reapaetliraly* 
I 
. i s 
\ 
f 
ttoit {>riiif« uteiit mStww tff«et on 9l«^ n^  tPovtli «t f&r mmmH^t X* 
i 
iraittfd tfiisa (Fit4ttM«or j | jjtfu, li«0)t £, jtOasL ^B Aoribiimttoa villi j 
!>•%«»» 1^3) I «• fffyfHM^g^^i in omMflfttton i d ^ WuMMMUk Mil lifWl 
(WtHiist auni ^v«»„ 1117%)% ! • jflUliiftlll In «!Oi^ liteWon tiitH ^.tOJIatti 
on smfjop^Mt (aitaisr, 1171, i ^ 4 ) t agi^y^^ijp jBBZHIl in soiriMlmtioa 
with ^ iifflHi^ a 91) Tim i^ummk j | n^,, li^4}f ^itmatM^ t^^ ^^Bffi,ffn, 
%r tH9 ••ta^Iittiixint of suo^MifVil !io«twDfti«*it« rt3.«tio»» 
ihlp ?^ fch« iHtfbfTt of ^9 ftadlr H«t«Nk!iiri<!tt« and e«i»tain oth«r 
f«ii«p«t tli« flwrp^lor^f Mooii«iidstvr ani ortoloii7 of fi«at« Hm^m tttm 
mrk9S m% (flMhlMrt S90t| WMMM, ijiaOf XOttoff «»« Ktnlaitt 1930| 
Uafbfa, 194Xt f«iPf^ •ad CHtttnS«i« l^iftf ChiHl«tt«| liNI9| K!niili«Pt 
mm m^mm^ wm% Dvoplila amA 3l«lio% 1»60| «i«l»i»t«r «aS fnUi fm, I 
wm^ mmm^ IM1| mim «KI md, l^Sti limt ma m u « t t , IMAf 
Oir«a« Mitf iffMiit, lM4t Sffwykln, 190t| SiMliflifLA, 198i| H f^tat 
•n9 lliffi«iULt » l ^ 9lf«, IMX, i i ea , l£rr% 207% 1974, 2d79| 
PtQliea tfH i#ibtt«r, laTOf t^ nridUB j | iJL*f 1^73, 1374| aifa.% 





mttea «f prnn^mm i l k * ttfitater* la «i« wmU itmtay&plm tioa t^« 
cMiUir i«r«»t «f til* oortw a<Mt ^ « lafnetix^ iiit<i •««ii ttumgft ^ i * 
iiiMtnds mt «iii«S€«i Mvvfttl «i«l2.« sMiy l^« tii« t l ^ * of lafMUoii* 
mm$ (1^08) v«»«rl«a t^* fiotMUoQ of nofoiii oovk aa^ ll#sdLfi«d mil 
%iA9kmiim i^ mA9Am9^» am pmtUif^m mmw tiio infodUoa rtt« la 
n^gdi^ Aff flfniiftimi^f I^ S8« laf^ttdl vitlH mm%mim»% mmimt^^^ eitrap* 
tloa of vatOQiar ar3.lii<^ ^a^ l»roii«t)iil«e sM pHloon '«^ s alto fO» 
poTtm ^/ MlltitiPlii ttmS l^i^iM {Wmh mtlm iWf^) mt^a tiiat tHo 
jQrliK tiwohitods la Immiiftto vlQlMt^ of giaa% eoiie y«ro dlttorltA, 
Qrui^ 04 aad «v«i safttt«f«(l In tpw^-^mt^f ifo3.«&«i 9fttoho««PMroo<|C3i^ 3) 
roportisS fcftet la l^ffaafTHlftll l l W l y > i l M M I » Caial,) Mil l , rooti 
In f^ t id vlfcti !g, lii@ogiii,tf,. thm eisnttrnMiW af 9J*o«ail>l«l aal l i ^i^ 
ooMdat tho potaatlait^ to <llff«r«^tlat« la %hm olaoMifc* of vaasolar 
tl«sa#s mM t}iPok«% H<»m^ t^# diiap«i|>%fid pfooaaliltia oollt fofnoi 
•opftfalo ttaioa* 
lmfg9 aoab^^ of |ia]i«ra liavo ^ooii |Ml&iliti«A la voaoat roafOf 
ifti«ro i t Haa Hoaa aati^vafl tn&t «io vaaa«& aad taraoli^ d alaMs^t 
uaiSoffii avaat&a oUa^^a wita roaptat to titalf tHa^Oi pavfuffatloat aaA 
aftttli^ a* a vaialt of iitf'aatloa atl^ 9oat«tamt iMaatada <attfri&» 
I9es| i i iaifaiy ifVii si^diipt n ij^ »« 199«| Siiii^ni aai ¥«r3lar, 
IfltOf Halal aai THaimr, a.9nf Hgwitto aatf figrlar, lf78| fiqnavt 
Xt7«| ^aaa aa9 ftfoaiclat wm% J)MM* J I i i « , ^fWi SlafU aaf CHIU 
3l9fi| O^ r anS nanrt ^^ ^^ 1^ faaamm J& ili»9 SJfKf taaSoa aaS XMHUT, 
IdTS, i99»i siiatiiiMiai' I t A^9 ^ ^ ^ 9t i i^ M ^ <^S^ r*il» lMt)» 
? 
18 
villi «B<rii ttMHiiw ^ttf «»l 4ixi«t (1»6») «rt SiMuqr AHA K!riiluitHirllir 
itWk) r«piirt«dt tti« 9oapl««« «sin»VMttoii of i0lm ana piaoiB tifM«t 
M * rvcull af iaf^tioa « l ^ yoot«4caet iii«ilQdM« st^dtfKl MA ( 
CHMMM (1^8) fonuil tliat th« foots of hJiiBiffll ir*"^ *'*^ *** (Onoli*) 
^ • ^ iafiiot^i viti) JS* Inaogait^ oontotntA Alawi««l j ^ o t s iildis^att 
vitli xumvml 9tTtm%m%ion ^ioh o^vilLoped mftmr %h9 dmBtrt&tl9n of 
priwiiT ptilotffi ot Ihfi sie« of liif«otloii« 
^•iMftotAl offdot ^ sm^f^inw, t!i» soil -ilth ©yfaitlc trntt^v tor 
iv^'ni^ loafoi^ (ii'^<), *»iXows (i^*n ,^ -'^-ms^tl. Ci^^>, naiTP«t 
Cl'iSf^ -, 1?MIS), •"•tov^ 'P ?l*i»'^ *3), A^ sE! jsi aJ^ , C1«IS«), tlalJ«p aafl -^ m^taan 
( l^^)i '*.mtmifvf aj*! ^Ql^fi fli*?), aaok (3.^*3), Pavigr and 
'^ a^avlgiit (1^ 1*1^  imi)^ ^k^T aaS ^ # i (t^*^)^ %oavlaat (.1^^)^ 
ntm iWm)^ cmafmr jgH §2,* (I<id9) aoi! saxana JS| gL* (l^X) andl fOv 
tho oontfol of a«Mito(iaa br UafbH 2 | iL* (1038), ^haaoa iV^n}^ 
Pate^eit aad foaaaoHw (IMS), h^an ivm9>^ nhm j | t L . ( I ^ 3 f 1^ 9741 j 
1976, 10T9), SlaiH amfi SitanMOiah <ldfe, WTp 21971, 1^3), | 
Saypo CXan), tarjaa (1977), x.aar (1099), QaaiMl aaA 9mm9 (1971), j 
ifla^ra aafi ?wmmA iWf% 1974), Maa (IflTe), srivmatam j | H^diTl.), j 
tttUMMR (1971), n u a i aaS l>«»«ai (197«), BHataagap j | n , (1979) aaS | 
»»liMl J i iL. (1979). j 
ffoa tHo 9i»09iiaf, i t ia tUmw «Mt altti^ i^igli ooasidarablo j 
WBili Hfif boaa oarriaA out oa iiost<^pafaaita ratattoaaiiiv oa iaoaolatiiii 
- y 
«oMftPol tey «ii«aitaf «!• ton utttk oU«al»«, i»^i«»r, litfyiniaUoii «\»r 
tti« ««a«Ma of Fo»t-te»t iMwito«* ^ dii^iiii tUft roett m i«*«r •«l«» j 
^l# frMii«i of oU«eaIe« or tlHiliiif pr^usta of 1* jsttifll ! • »•»€*•> 
SiKUttfirt ^ ^ infonrntioa rtfttfAlnf tlw Mitopftt^ol^fiottl «(iftiii«i 
iililftii ap« lilE»lr to «i««t la footi la •Itiiatleiif ^m foots «w fob* 
Jootod to ffllxta lafootlon jrf foot«kfiot xiwm%tA% MA ! • jaUyH It «•»«»#, 
la tlio {ir*fOBt ttiKay, tli^Foforoi »n Att«»pt hat "mmx uado to stud^ tlio 
f»Iiotfta«i 
2.« Chanf«s in pl-iat fTo^th, n«ta»t<y3o« jxiTyuLL&tlon ai%! root-
??fiok Iniiw In •««ailn-'« «f ©ffplant or, ?as» " i^n?l# i^af 
^fmwsi tn aiitoolti</ii iolt*»iiiiai!!t#iii#1 audi fmmi^^- with »«>«« 
8ak« and iaooulatud wttht 
(b) J« aolaM islono 
(^ ^ J* JOliaL 33 days prior lo ^* laaQgia i^^  
(o^ £• laoQgai^ Vk days prior to J* jnljtfi& 
9* Histop^tHolOffioal otiaag#i la ti«Mil«a/ roots M^ roots 
9uDj«ot«a to tlis ftlior* tr«at««at rla«, JS« llllflffnili 
aloao, J« jflAiai *loaOv ji* iaooiaifcft and i , gfljirti 
slnaltaaooiisiy, J« jnlifll ^ ^«rs prior to Jf, tnaagi^lin 
^^ B* JMliii ^ a^3Ps prior to S l^Moaaiif X^\%^%^llfy 
«»» «0 ^afs sft«r inooaimtioa* 
S« ciiftaios la 9isat fro¥t»i and asaatodo pofNUattoa la 
sosdllats diimsd la ifat«r solahi* fraotions of 
• \ 
iit!»t«« prtttP to tfioaitl'ti(»a ydtlk ^ laSSUSSllft* 
4# Th« lainrad. p«i«tT»tloa In fiw»i««l foot* ««Pll«r dipisirt 
8* THo •ff#Qt of v«t«r toltibl« frootton of oU*«ftlKoo 
on tfi'f la-rvjil iRei*t«llt? of 9oot<»lci»t nuMitoSo* 
6« %• offftot of wat*r 8ol«&l« fraotioa of oil»o«iee* 
on th« larval hsto-nlaf of foot*i-cnot niwatcsj*. 
7« T!i« fflff^ot of T*©t®r iolu&Xo fraction of oll^oakei on 
p^o'^ rth &w\ »ol«rotial #^volOTii!«*nt of j , JSklsal* 
B, th# offsft of dil9««aa« ae«sol«x n^ f**! f«fr*ln-*3tl^ n la 
tiim»«f«lod anS toll aetalflf! <iltli oll-.^ ate»«» 
*!• n:han?#« In olant sriwiiitli, n<«atol« po?:wilatl'in anff iwit-
ifnot lf*1«x In t««dllln«»'a 'lloujift In «riltn?« flltrat© of 
J* iftlUyil ^^ ^f ^ '^^ ^^ wltmt»9 oHor to Inooiaatlon 
XO* tlio lsi*«ttt 9«n«tpiition in «B9t««A 790%« ouplt^r <!i!ii|»«A 
In «uitiir« flitomto of 3» 
l i . Tti« offott of toltaro filtrftt« of ^ JMliOi ^^ tho 
larml li«t#iiac of fwil»iea»t nmmtoAm, 
X% fho offoot of omttiro ftlt^ftto of % mUm^ on tlio 
IftFVftl mrtaittr of root*iia»t nmmtoAmm 
\ 
I 
MATERIALS AND METHODS 
X 
< OMptit t ) 
A t i fN^* mm^M 9t %h9 vooi«iKfii»« a«nitw!«| wiSktttMffWt ? 
fftaaaaq^ L« > im« »iirf^« it<»rtlii«di tfi X t 900 a^ninms •olntiaa of 
*«til.or«x** I t ^ e t^«n tfttii«'f»rr«4 to • small <$oaF«« Jil«V9 lifi«i with 
ttM«J« mistmpf •(n»lt#r f I ' 9«tf la a ?>«t!»Wli^ eontalniaf f«ffloi«at 
ap«sat of w&t^v C«#n ii,»'«ii| i i S i ) . '^^niiltiisff »f •ffpl^nt et« "»«•* 
r»iir5*l» l0mf 1*1 f#4 in «ut«>el«f*l »dill, w#i»« tfto»eiilr-t«»a wtt?i t!i« IftFtttii 
thvt-i •Hi#'*f»a, v:.at«?| a lap!S« mmh«»r af t«ii61t*i", 7«l»#a la autoolavadi 
tla»« fc'^j fclffi« in f»T^mp to ?,&% "ftgulaF sirrilr *^ f %hm ia-.5««lia!B« 
OF 
iiif«0t«4 a^^iilaiit ftnd >Mit mlatalnad ;m potatQ«diK%r'>fa Agar in etil* 
tar« «ial>'Mi« tlia r i l t^?* ^f j * j a l i a l w t trantfapFad to 'Eia«nMi{f«r 
fHaalia odiilaiiiAiit 'il«tiafi*t s a i i w * and naa IwnitMitaa at S#C fsv 13 : 
4«ar9« tti* n^t^llal. »at vaa i»iii9V«il« mt^MA t» <l ist l l l«i ifa««9 aaA 
i i laa i i i far ta»ao ••annia m i^vint M.«iil«v ("itan^paifify l^$3)« iti»ial 
•am«aal<i» tiwa »i»a»aia< tiat i^Md la 4i«tUl«S «iat«r at t!i« fat« of 
«iawMmM»ininii»i>ni mii m m • lainniaiiiMi n,ik «» — .^^  ....- r-iiirrif-riiTiiitii-wWMiiiiM-iwairiiiiiiiiiiii—iimniii mnwiMMimrniiwiiia wr mi ininir •iwimiw umMniii i 




It^t fotipmitlai oontfttiMA Ic of ftiofiit* 
S»S tk^MM M Ilffi'liHgti „ .^,.?M 1KX fh&l* 
f^nwf&im «fe«rtlii»A SMAI of •gfpiaiit v«r« sotn in voodoii 
tf«rt e<mtalni!ii Anfeoolwfoft toil<»Mai«OQi9»9t (ttttX) adxti^«« u^ on 
fthir ^^ i** tii9o«-v««k«KilA| tli«r ifttfo t?Mi«9iaatoa to 15 e» olar pott 
Ovmtalnifif X iKf stMis st'^rtltt^iA MBIIIXFO^  toll C^  lff?^i toil)* Tho 
]^tt iiof<« thdn ti>antf»Fv<^ to i^ ii.9ahoiis« b«noli asid IM?« watoroA at 
m3& vHftn C'lmtid^ wtdl aneoswirsr, 
Tn c»i?c!«^  t"» Htti-^ y ftftft effpot iif soil arisi^ wr*fit vtth notn 
oil-oak® -sn tho f'^ lsms^ oaiii?l*»iii th# autoolavoA toll Cl kf) '.AI ftwtis-
<!oA ^%h nmm eak» at ftlw ?ata fjf lf!t pw fcis? tol l , ono-.w«Mik oxlor to 
tnuitplantfitloa of ••nAlla -^?*, ^v tiontfol, tooSlinft «»?• alto uroim 
in f^U aii#iia«! with «o»?j09tJ k««i?ini^  th» nltrot?«ii i#v«l tasio as vlth 
tlio oil<»aak«* tho taoAUnft nimwi l»o%ti in anom^ oA af«9 o^mtvol toil 
iK*ro laomilafciA acioiwllai to tho foilovliif tobtiMf 
(^ > H* ii3f^*«iit^ lArfiaa aloat 
( i l l ) £« infft^t^ anA J* jBAlil tlMtltaaaoaar 
(iv) H* liitflllili itvvaa lA Aart prior to £• JUlitiL 
(v) I* JMIil^ 311 Aajfv prior to j |* ^n^ogi^t^ larvaa. 
for inamilatl^ i#itli ii«Kitoi«st foap ti<A^t| B em AMP apouaA 
^ « ptantw vttHln • f*atii» of U« «» fw« fch« 9l«»t w»*« aadt •»« a 
e«ioia,at«a qiAnttt^f of l&pv*l •Ufpmtlon m t tf«ntf«Ff«4 to t»m hoiettl 
tsstag « «tf^rllliwS t}ip«tto« fh« hol#« w^r* t*i«i pinm9A by pmstlng 
tli» lo l l f«ntlr« ^r Inoetaafclon vlth tli« f«iigui| A portloa of t!i« 
•o i l M^f 7iR«rf«^ froi» mrcfumfft tli« voott of iil^ aat mtvi 10 nl of auspaii* 
f «<»s oontftlnla^ Xf of f'sifas sHytsalliw iMt p'surtd an<S o'sviMPaai with soilii 
tTninoetaatod plantg s«pv<«t &s o^mtFolt TH^rm wmf9 six fmplleafcwi for 
«aoli t;i«.«;1ai#nt* 
ntxty •'li^ B a.ft«r f toetii- ti-»n^ th« ulaatf iii»i»« «iai?ef{5l,ly up-
r«5t«i*' fr^ ff tii«i imtn B^M tfm vmtn wr^m ^^ ih«N! in f^xmiim wat«r to 
fwmfyfm th® •»«i*?rtn«' ??otl i>r-ftl9X»«# ^3lo«st i«t«f» urns riKwved with th« 
h«lp of blottln«! p«i>#r« '^9 ulant ifrovth ^ s '?«it*»rwtii«(f by iiii«f»irtnf: 
tho l«iii;th, fT»«ah tm^ dry -^ ilj^ h^t of plants* ^or rt»t©r!?dnlii(? dry iwislit 
th« plttBta intra art ad la an ovan ^mnim at 6C^ t»r ^ hoiirt* Tha 
paroant radiiotlan la plant froiith was alao oalatHfttadi* ^ot*ki^t laS^K 
vat fra<fad at uadar (Itlian j l iL*, 1§71}; 
0 « % faHlag 
1 « Ztlfht faUtttf 
9 « ifo€ar»ta galllof 
3 « Htavy falllaK 
4 • SafM^ lal l l i ic 
.,^ 
/ 
_____ _ . „ _, M 
bf «oni%tafs ftBai«t in <ttff-i*«ife •tftff«t ^f <l«vtlopMMit l a ^i« foot uaA 
iovfoo (t2) prmmt la tlio t o i l * 
fm <!#t«rpiniiif thm a«aatoio nofisl^ti^a In t o t l , tli« soil of 
t!i# oot imt eitMii enofo^iftilr an^ « «t0»iairoi« of ^ 1 ^ f i«i« |ifooo«#oA 
for itoXatiae tho Fi«afi^ »to lanao W wilnt OottMliFinle*! Olatviator 
al^mt ^t t t 'm«nMi3n fiarii^ t«otiiii(|tio C^outhort 1^9) • Ttio a«ietoit 
Iftfirao 'mr* aotaitart wlfch th« fiflp of oo^ntln^ ^tsh "JBilor tho itovoo* 
•OOpiO "flOfOSQQflO* 
TI«Batcx3« tnf^tod rmtt ^ore itatimt! i^ lfcfi 0*1 perowit aolA • 
ftKifisln In l®otophi»»i. C'^ eSath j l j|]^*9 3II41)* ';Tn« t^mra root plcoos 
fyois oaofi ti»©atrs<int KI^ P^O o.«nia«a tarlf^ i* tho storoosoorsio siofosoopo 
ftna ISjt tofcai rjctsl?**-'? of n«BiQtf^ ii« la !iifff»r#iit atftffos n»f a^vOlopsiant 
ifAs d#t«^ rr?la®cl« ?*ii» t^s:ap« i«is tss«cl fr»p tmnsfO?wini i t Into the 
total pTot iiat8(g')«i 'Hjo €«v*»lop»«atal ata^ o^s w&rm p-oap®! la tlio 
follow ag c«t»foi»i«»t C^f. X) fm tH# bafila of tho oxtwit ?>f aM&todo 
4ov^lop!i«nt (Christlo, l ^ 9 ) t 
nptyup Am tMpime fwm tho sta^o titi^ro 
th«3r ^Q o^ bofua to trov to tho 
•taco wliopo tfi«r s t i l l 9o«9o-> 
Moi a lioro OP I O M omiieal tfti$ 
<iV9Qp 3« Lapvaa fpoa ttio atata vliopa 
thigr Had aaqolpodt a aora OP 
lota fitaliptieplaal i>aat<riop 
aaA tafwIaataA br a ipika to 
tlia ftafa atiara tHigr vara abaal; 





F I G . I 
to 0Q^pl«t« tkm fliMl mil* 
nwmp Cm Wmml99 twom th9 itag* IIIMF« 
q^t«, fuUy groim* 
Gww^  D« ^m»l99 tiui% VT9 tally f^rom 
mt 3^ 9t laid •i^i« 
f?rryi^  -^ ^ "••"i!t lairin.* f©i^ l®« (M^alta 
A^toeiaTtd toll eoiitatft«4 In t3«tyi^t9h9« net tm^tt^wA vltti 
oattop (JlaliliaiJ3floanU ^•h »«« C^a^lH^lllft JLHHM • ^ • • • U fPouaA^ 
n^l CAHMtila M^WMifm^  L,} mnd mitmit (Mi|yisift fgidioa 0»«l.«} oil oalMt 
••pavftttir li««pii% tiM wtktmgm l^A thB imiic «• la pott (i«o«liVii« 
•oU)« Latvr •t*yUii«d Mtdt (100 j^ S) noro toim «»] ttio toll «»• 
( i) If* iBo^iit^ iXWi IftFftto 9«p Plato) oloiio 
<U) S» j U M i 3^k ff por Plato) oXono 
( i l l ) It* iatiofiaitft • j | , JBliBl tiBttitoiiteiitlr 




fll« wairii^m ftf •••illicit «B«rt«i 9Mkk ^ar «»• n»M «9i» '\ 
•»• MBgtij?r QiifflgMS Miiiim« 
t*sa %«irttlfli fff «tnitla« 
Mim* irw« «vimtf«nr«ft In i«iMupft«« i«I«aiMr»r flAidM «<iiitelaliif 100 wlL 
of tttfrlUsvi distill«d tfftfe«v* T^ « alx^r« iMit 9tiatc«ri e»a * ti«ofiftiii«tkl 
i^ialc^ for 60 ndntttea* tti« •tigp«s3Sloii %ra9 filt^«r«d tliromiti ^bttwiii't 
f i lter pan^ iie>,l, ?!t« sstrAOl t^« 9Dtatfi«3 diMl b««3 aj^ltvftrlly 
t«»«i ai tlAiiAard (3}« ?\9ar <tllis%l»»t ^%*^ %f% VlO, S/XOO mia 
3/2iOOO ir9P« pFi^ ftfiift bf aidlliif rtfiiisltA fiMmnt ^ f iit«Pliis«di il»» 
?»»S»*> I^ ifvglopginat of PooWicaati 
^^ oatfl of ^r«««iif«ik«9ia •9«iliait« af •giplant virs dipftS 
t«l>afaf;«ly In ^iffir«nt 'illtstt«5n« (^ ^ .^/^ , S/10> of dil*eAk« wtrsets 
for i i , W afH 60 idnitM ft»9 v«r« t?»ii«ia«!it«! to U «« «lar |K>tt 
eontainliif X kg ai}to«lftV«t«iaiiMi<iiiil«d toil* fh* w^fiXinm i«*r« tlitxi 
iiiii««l«t«i 1fttts 1000 fTMitilr hstoliiKS l»rm« of thm root iraot aoMtodo* 
Boott of •ooillfifA dippoa in ym%m' tonNii ft« oontrol, fli«r« ifcro 
ttiroo r«plio«t«« fior m^h trMisoat* FlisOt iroiftli, footi^mot lad«t 
•to* ««?• dfttoffliaidl <fts In t»4> tixtr iS«y« «ftor ifiooalatioii* 
«*«*3 Warlillitar <ir fwltlail liriii* 
Xa tlio wHmAf porlaiatiif to lh« aoytalitr of tlio i«oot«4eiwt 
iMMtodoi oKtfaet of «U««iiiot ma^m o&tftliMi la tlio Mfiair ^AMrlbtA 
aiNivo* ^doal XOO fro^ily ii«toh«dl l«rwo of tHo root^imot a«MitoA« 
v«r« lr«iitf«pr«i •oparatilr (4ajM j i iJUt K^^ )^ %o 10 «l of ttio au«» 
U M S «!••« S, 9/% 9/1;^ n/%m^Km nn^sm^ «oatolii«A la 40 • • f«tfl* j 
__ ^ _^  _^ 9 0 
• • • ' ~ " " ^ * " " • ' " ' ~ " " " ^ 
\ 
4ieli«t« 9«Mt9i«« ti«iisf«vy«4 to {i«tfl<liilii»t ttoiitaiatag dlttUltft 
Mi%*v i«rf«S «• oontvol* "^moh trmtmnt m9 vpll<s%t«^ tlirle«« 
XMKii»UiS«S !UHfi&lod«t w«r« oottatta afWF 1:9, ^1 36| 48 •aS 79 tiottrt* | 
Dftttli of iMBatfsdM m9 «39«r%«la«a b^ r tiwitf^rlng t!i« i«ttobtUet4 oust j 
tato Plata uttav* ?li« BorKalttr mtt 9mlwtl&ttA on 90iH»«nt batla* 
Hv9 a7fw«^ '0 3lao4 offpaattoi -if th« y^t-kmt n^ iae^ odo wftf«| 
tpansf<*i*yod tcj 4Q rara !?«trt.il9h«s ©'mtftlal^ n*! %0 PX -^ f -Itff^-ftnt (i%ln» 
Total mwi'y^v of hatoh»4 las»wt« was ^m^fmXn^s^ aflifa* •*5 ia:fs« LarwUL 
hatohtns in •'t^tllle^ -mtme f«rv»'<S as 'Jontwl, 
loots '^ f ft^tpXant f^ wptlln??! w^ -wi fllts'^iia !n '^ if^ w^ u^nt dliii- : 
tl-«s f^ Dll--*ak#8 few* VHf 30 an<i GO iislimt#«» Ttia-^ a^ ft©!? th© s®«l-
lln?« '^wtMi ifa»li#a an^ l w8»r« tmnaplaar.*! to 7 e» olay nots eontatnlac 
SSSg aeia l*?aoh©<l anfl ther*T.3f!Uy washtdi saaa. Lat«r tho soodlliifi 
wora Inootilatad %Hlth XOOO lartaa ^f ^* luBogiilt^. Afpyoprlata eoatroU 
now nm sida by al^ Sa* Af%«r l^, 1^  arvi 48 htmrm of laoaHatlon, tha 
maib r of Xarvaa that ^aaatvatad yas datamli^ by orvtshlng tha root 
la ^Fli^ blaaSar la ttia tama aaimaf at daaartbad ta ^4» 
1 
Por tliasa atifftaa SO nO. of -Hff^rwit dlltitl^ma (S, S/9| i 
<9/10) of oll-oaiia axt-mata W»T9 a^ iadl to iviaemrar flat^a eoatalidae ! 
100 i4 at^rtllsadl ^allava*s a<id&i«i« n»slia wtthotit oil«eakaa axtimata 
••wad at aontffsl* fliaaa Ha At irva th«a laoaiaatad littti j|« JBHiianq 
y 
9 I 
tut t)9UX tmiti^w of MlerotiA mt 9oiiat«A» iMtw tli* qftiAiml iMtt 
«•!»• «yl«a w^ -Jiatfrmn f l l t ^ mp*?» not X in «n OT«n rtismliii at eoPc 
•ad th«^  itry ^ i ^ t i a«t£i«»lfi^* fSie toi^rottiil fbteatloii UK* mUd 
at tiad«rt 
/ • « absent 
"^(^T ^eti^miinim thm ^ftrnt t)f Ji'ilta!»» f i l t ra te fsf 
Ii« ^Qla?^  ofi tii^ ^yoiith of pljiint at^ ^ t^ wniityatl'On of fcho fwsiatod* «te# 
th« "MfifQs <w&9 mlsfttl as ln^ l<;«it«»d la •^1« ?h® aro^ AlaX sat w&t 
tr«w>v«d aid th« liquid *^i ftltoifod thpoufh .itiatRan filter pap r^ a^«l« 
tnit«it», thui obtaln«d, was arbitrarily t9»«a as *S' solutloiu Wmt 
dUtitioni v l i , , rys, 3/10, e/lOO and S/IOOO iwra pi>«paF«d by ailutiiig 
•t^ndard tolutim with iif>tlll«d Mt^» 
Hoot* of t^funififciiold t^adllnfa of afsplaiit vara dlppad 
la s, *i/?l and ?l/10 dilttti^a of milta-a fUtmte fbr 18, 30 and 60 
Mlaatat, and tha saadllmt v ra tmaaplantad to atoMi ataillisad toll 
iX liff) oontaiiiad In 13 oai peta« flia saadllata war* t^aa Inoota t«d 
vitli 1000 fFoalily ^tailed layfaa of Hia f<aoti4aiot aanar.od«« Appv^ * 
„:_ - -- ~.^  30 
9tlfti« oontfttlt w^v mm ttd* by «!«•• ^Imnt fvov^ atuS fell* »©%- ^ 
HRet a«f«l<iiMi«»ii% wtv <)«^r«ilii«i Attmw tixty 4ar« of Ifwwilfttioii ftt | 
lt#tsytb«d mnt^v (t!»4)* 
eultt]f« flitv««« of J^ . MiSLmk v*« ?i«fctfala«a la fcH« s«5« ttagatr at 
'^ •^ •^  !||,fS,e,?:^ 1fyii^  etf •..gQ<?,|y^ |ial,.,|iyiK!iMli' 
Larval hat©hln'» In «11ff«p#at ^Itlutlons of e"ltnp« flltmta 
fUl«itl-«i» -if rt Iffe*© ^iltfata 4^fis €?»t©?pilii«*! In tti<* fiam^  rarmer as 
#»t«rtbfwl In %%S« 
tha foots of plants tub j#ot0d to the traatiooita as givoa 
uniar 3»4, vara iipvootad| 1, *?, 3, S, 30 ant! €0 lays aftar lnoenlatlon^ 
TtM plant foots vara flxad in ft^vAtf dahr f^ataiS in aloobol««rlol 
Mftaa« infilimfctai ami asibaiiaS ta pataffln matm Saflal saattoas 
wm oat at 10 nlaroQ t^ekaasa vltli a fotary adafotosia aa3 vara 
atalnad nitH aafvaaia anl fast graM ttalaa (l^ttans^ B40)« Tha 
aaatlons mf fianUy aoontod in PFX> 
\ t l i ia alaoUsi (98<) SO tf| 
%fMaliaa (40i Aii«a4al94a> 4 Hi 
Olaolal aa«t&« aaid X A 





tt«7«t HjMialltajitJBial* | 
1 ' ; 
BMio«fft<i4 la tiot 11^ 03 folio*4ta« th« m t^fioa <l«t07tb«4 br «%oa«« «»4I 1 
EXPERIMENTAL RESULTS 
y 
„ „ ,,.,. _,„_„.„ -.,_^ 3 2 
**i^:t,M».Mi*' 
VStW tflfSI ttjOTyfflF** fMBQflMtfA OB wttsaaofffigA aflaLAm sxiQIif 
• W W — — W i l l i mill imSSBSPSiBiTiBHMwfiHBBBBHM ayTMBB5588BPB8JaiIIUJMlb^^ 
^ g<fflgMfliWM, lflB,iiggMW,fttiiiY If 1 ^ IM^W. WSkWKk 
tr«itn«ata fts* iioai loi« «ioa« ta tiai»«iti«d •dUf Siwi^od* alose la 
MB«niS«fl •oUf f^afiis «ioa« la i«iMiicid«i •oUf f^afisf fftloa* ta «ii«na«| 
tol i f aiBfttod* •I' fitagat •lHia«iia«Qfiiiilr la itaftB«i«I«5 toUf atesatodlt • 
faairai •lmil.tfin«oiiiilir l a ai)i«H»f«A mUt f^ana* IS Afirt i>H.or t» 
atsato(3« ill xaammHi^ loUi faanat 33 dari itrlav to a«afttoa« la 
tkmveA^ toUi awsat^ sd^ 33 ^«yf filos' t» ftiaipii ta vrnftatuSfid •oi l «al 
nMKitofSc 33 a«rii ii^iop Id l^inpii la apuaScA soi l , 1^ « 4fT w#l^t of 
thm Dlsats nas 4*8, 6«% 4*1, SAS, 1*6, 3»t, %4y 3*t», ^ 0 aafl 3,Sf 
y««9««ttvil^ a« ait laft 7*lf of ontmottliitsS nitats, fbr ^ « m^wm> 
p©nf!laf tr«atii«its, tti« larvia ^oi^attoa i«« €'5?% 164?, tfi^, "Vlftti 
^781| SNiSS, 4fff3 and t t ^ ?««94ellv«ir 4»ii tite s'ooltMiaKit l»i«K 4*90, 
3.»09, 3«S0| a«90, t*«9, USO, ^'^ **^  ^ '^ r»S9Mtlviiy (TiM.* l . 
I t i t laaar fmm tii« a^v* data ^afs nhaa tha 9laa%« mmm \ 
fTOMi la mlMMiavaft la i i CaauMnflaft), ««Moa&taa« iaaaautloa I 
ifftaapaatlva af tiaa of laoaaiatioa aaatai fraa%«p riSaatlaa la 
9laat ir^i^t aa a i i la t t tpaalatats abar^ s^Ha aaalllaia vwa la»tiaa-
t i i ui\%, B> ItHmwiil or % mUMk «31«MN oat af tHa tHraa tvtalMRia 
•yUaal i»aftaaUaa ta i&aafe ffavHi aaa obitrtraA aUtra aaaliiBCt vara ^  
laa«at t« i « i iHintaai ly» 
'•'i c\ 3 
fML9 • l i 
X|P#ft1^flflt|i S 
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6 « ii«iMito<l« ^ fuiifit* tiiKdltanofmsXy in 
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8 « foagnt Ift Atar* 9rim^ lo n««itoA« in 
ttainonfl^d s d u ^ 
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X« t i t t mmfi^ ««% in f»%f «o»iAtMitt mil «i«ii«l Him \ 
9V»ftii«« t u •ffMtsi iiMM r«i«»iHoii ia tfiftiit vtii^t itt til* tiK) 
«t«ilBiiit« mm imAw^ttmm%9 nmmnaf^ ta tr«ftlUMiit« la viiiaii tti« 
•••Allntt vera intaalAlatf aa^anttallyf tu* raftaatioa la ^«i% vatg^l 
vat tiialflaaat* j 
flia st^l«t aappt«i cmt ta naaaaniitA aaA mil aacnlvd wt%li 
nmm mk^ 9va«l4a oiaar aut av^of that la taa Xattary i l l affaatt af 
raalwleaot ar faaipa alaaa ai* ta aai^iitetlaa i^a alU^ataft* 
^ niwffHAm iinSan mi^ m^ g ; € g H M ..VIM' 
ilaot»tai8t Inrvaa psastrstufi t^ i* ar#i^ s«^» ai«l ffit«r%4 
t^e mrttiK la fcti« ragloa af ««ll «lffa?*entt«tl©?s aw! i&onfatioB 
alt^tla M etaara aftar la»auls.tl<ja, T^ icr fslt^ a^tf^  thr-^ gls tli« aartaii 
latar* anfi latyaaaUnlaalF ant raaohaS ^a aaSafiivala ^^«hla 41 
tiaara (lOaaa IX A )• ta aaat af ttia taaMoaa, laaaaa aara orlaata^ ; 
aaraaadaair ^^ Hialv hmA «a«af«t tb* aasaalai* tiafa*, fa $mmM^ 
aiMtaAa at«taa awa aaavai aa aiR« (mata Xt S) nai la a fav 
aaatiaaa mtHw laitaa aara atoalilii* iia aH^aaaa af glaat aalla \ 
taitlaHaa aat t^mk^ HaawNaF, aarttaal atllt aara AaMgai «ua «o 
if 
atitatiaa of lama* OaaaaiaaaUir aatMmaat ttaaaaa Haaaa* aampa«i4 
Aflaa %m^ dara af iasaalattaa, i»ia laraaa wm9 tmeA Iritm 
fataUA aa aawlr aa« la tlia laadtaAlaal aala af Ida aaata wild j 
_ _ _ _ _,_^  .„„,„.„ -.. — -—^ ^^n 
,X""^ """"'" "" ' " "'"N"^ 
%tmmi%-^t«^ W l^ i^ f* wmbna^ of larvnt, tnltidUen of daat «A1 ; 
fots tloa uat iioUooS at ••9«r«l 9l»<9«t in tli« flan* sootion ^ t l o j 
in ot^«F« ot&r ftt a foil fA s^ioot, Prolif«f«ti9fi of tii# 9«riorol« »»fl j 
«ajdlnliii eii«i6i« tffts alio lalUiitad a« a raaolfe of #il9h f iUt vara | 
foraaS (?ia«a Tl <?)• Cortioai eallt failad tio laafama in slaa ' 
without Inaraaaa tn mwibm of naelai in «ao!i o^X* Cell <Siffaran* 
Uatto?! failoa so ooaai* in trte h^avtljr inf«otaiS i«oot9« l»rollfar»-
tion of hrp^aflmtlQ |M»!*mot)3rQm nas tntanta In fallal araaa* 
nlt!'s-T.r:*'i la?i«ia 'ltd not |i«o«tFat» th© wafistaewtte tsna of roota, 
*^ o*ev«^ t flant «5#lls fail**! to ^mf^on in this ?aff,on» ^iant oaltti 
bf aiKl la'*ff9| t#«ra ftsfaii tn th-*- iwif«mlai» tispia, fm^w9''^v^ in »08« 
«jas<»f fHant oalls mi?" ioc!a!:««f at thm nari^ ^m^^ rsf t^» wswslay 
ti»»ia. In wmh a tlt^i.-tlo% i t vsi '^ .^^ 'W ,^ nfjt elaai* yh#th«t» 
tn©^ Ha-' a«t'=3»n Trow th«» mit'^ wpost •wa^ anlar tisam* fii» fch«i Innapaott 
eoll9 of th» iifwllf#ratlni? p«?»i«»yola C^ata It )^« flianfc oalla 
poaaaaaad tsany afdLai*f«5 wioX«il ai*! iiiolaEill* ?H« ortoplaan baeawa 
fBora gifwla? anri <!ania tH&n th-t of tlia mriwinSina oallt (l*lata It 
C}« Tha ffmm si^ i^ nt o#iis iwsa^aaad f*al^ t^i9«(L3r ttiiole valla|(iov«var| 
whm t^w t^ttadmA mmtaTttif i t waa ralativ^itr l«»9 ttiioli* mtoUa 
divialcai of wuum, mm obaarvad 9si& tha naelai v^pa itnifiorBijr 
aittfiiNitaa tUvoQilioiit Itia yfotoslaat* 
la tiia loaftit»Sinai aaatioaa^ tHa pltt iat apyaaraA to 1>a 
ratlaolata iaatai4 of mmmSf» aa la tiaalt^ ?••%• (^ate ID A 
in §)• 
vHevotaapla WMAiiatioa of aaatloiia ^f footat tutrtr ^V 
mf%mt iaaataatioii vavaalaA tiiat »ia wt3X9 of tfl4 fl«»t «« ia ««r« / 
38 
«ll«li and ttatiifA <l««plF <H,ftt« t l 1»)» fi i* mf%tm.mm mm 
«ndl«i in raijont^ of the <!««••, «9ct«iiif«! AMU tnto tli« Q07t«K| 
fiov9V<ir, in mmn <MI«M th« o%«f« ^»^i*fl «•!*• p^ f^ tSvA tnt ir i l r ift^ta| 
??«ofcl^ a wsfc »i«ty iay* «ft«r tnooolatlon fovialoi that 
«»je?lfcy o? slant eella «WP« htli;hly ««oaolat^ asad «antalned f«tf«P 
mjoloi and ?i]9l#oll« ?ai«alai> tl9tu« b«e«ii« <liseonU?iae3iEit« vli«r«v«r 
fiafnt eol ls i#«x»« f^i»S ii«iap th© 8t«l« ("lat« XII A), F«Ri8l«« tf«p« 
fuUy Biat«?*« an^ «5ritatn«fl lari:;© wasS^ -'P of ofca (^ato i n C), In 
•9V«ral eas!®9 i«»i't --im^ fmxWS: m^^^m/i In faiatlTioiui eu&ferix (Plate 
n i !>)• ?*•?«» mdt^T^^ n«wjtcKle "^>'-7ir and- the fbfwation of e^jpsiiss 
A, 
aajgatedl ooptleal ee l l s ae^ff^nieqawwe of iihi^h flntvitles v«»« Ibtwe^ 
C^ate l i t <". Cr D), Tn loiBe »«etlont fyeehly forst«« ^ant e ^ l e 
if®t»e obt«»rv««!, hta^mtmp^ thetr d«!ry«»loiiP''at a^ paaifeA to be soaeiiliat 
slow (!»late t t l D). 
the faafas pfe<Stieeil pett thr^fii ultioii i t iieRotfateA the ; 
•tttiele AHA epi^enAe mtiaat^lr the ioreelim ent^rea tlie aortleal 
Haetta hath intep» aivf iatfaataitHaFly* The pro^etioa of Isrtia 
eaara^i amtal laaa of aahegaaee of the tieaii«i| breaMiaifii of ealla 
maA ^vHm attraaa aoadiUaiui death af pfotaplaat (mate XT i^lyO* 
Baftaaratioa af aella at a ahart dittanoe in advaaea ^t 
t9m»Si Wsf6mm m» alaa ataerviA* floata iMaava Alaaatanveft aigl 
tttattatla witliiA %M iarat 
? 
_ _ _ - - -. 39 
\ 
liirp^« -mw aor* v«pl<! tHua rmaial at • mmBmp^mom of tflito^ 40»80< 
root mwtmo^ pottol <^ «%« v iM?). Hrvtuio fiU«i to oator ta VM» i 
oiilii? tifjfiio citato V B), ?6« oaaHia Mtivttar of ^ JtiLilH' ! 
I 
iii^ot«i toot* «ft« ttsro vronoQiioti timi tfto ooat^oi $?loto ?« ID)* i 
( t i l ) fit liffgliiiiili * I ' iMl^iil **""'taiwm<|yt 
fHo ooytieal v^Kemrnhfrntk VAa ooloiiis«A ^ tito ftinpis ^KI • 
thit roots b9oa«@ dmrk bvo^m^ Tho i3a»b«»r of larvao $< i^#i iiit«ip«A Hio 
roots «&• far lo»« us mixptkr^ to tFoatnumt tn ^M(^ toofllliigt vopo 
Inoeolatud wltlt nmmt&A^ alono C^ato Tl, A,B), '^^ th« lofito of 
ti!i«| i^oiit ooUs wopo lnv»d«a ^.th tH«i ftm^s e^eilluia a»3 thMP«f»PO^  
thor tfofo pa-ttally ai»^«m»i«t«i C^at« tt^ C,D3. *-«op«ov#r| tho also 
of fmmXmi Tj^ d^Htn^rf^  m^s moh «f»ail0t» than In aantwil Ct^ ata TC^ !>)• 
Ooeatioiially tfi« giftatineas i»tJ"t"K fi«**Miiiradl fan^t ?n;fOiAiuii« 
Llsltaa wmhm of rails wtra ow>*fii9«9 at^ rt thigr too vara saalltr In 
atsa (^ata Tl^ C), 
(iv) B* tiiaiiiiti * 3* iffliliiBt ^^ ^^ '^ J*** ^ ^*y* prtoy)t 
CorUoal pB^Tmmhfwm vat aloogliaA ^tt^n %S fla^s aftov 
inoaalatloft* inoti aitaa a^fia^ai^lr jiravaRtai lanal mtwf iato tha \ 
Mota (Plata m^ A , I K Dtaylta triia a f«v larvaa 9«natvatatt tHa 
raata aai rm^Mt wr%m faraatliyBa twvm limwrn tha AmfBf fMLlaA to ' 
aaiofllaa (Piata fSI, QU tko i^aat a^ i i audi mn ftyraattoii naa ! 
daiar«i« f^tiiw tlia ffaat a«lla lAaB famtA vara rtlatlviaijr anaU i 
la tlM anS iMiaaaaaai a f^aar naiAil aai mal^aii. T^ a glaat aAla 
w^m Uivaiai ifttH tlia fttfoa arti&tni* IHa fiaalat wnSmmA ta ttUt j 
traatatnt vava a fan la aartiar (Plata fn« !»)• 
/ 
V 
WhmJBmMmBmmmmmi irtTii iwTiiiraininiiiiii im • ———— i iiim n n i i — — M W > 
IB lt«ftlMN»iti iHitB ttflMloA^ I«ym« ViiP* immOLMUA IS 
A«3f« prior to fksngat, tho root-teiot lavfBo r«aoti«A tho vatoolftr 
fcl»«iio an* iJ9itlat«i thm Hnftrntton of |^«it ««llft Cl»l«to fttI»A) 
iit%to<{a«iils tiximlattoti «itt<i th^ f^ ni!a« vopilttfi la ^« sffoni of tlio 
fjfiftis into ^« oortteal i^rmmhymtk in an$! ai*rmfl^  ths t t i io (l^ato 
Tilt 3,C), His ftms^ « took i«ss tino to PMOH iilAfit otf.l« «• 
80ff^ ar«a to t^ ii» tr«ttt!»«»iit 5ih«a •«H«!i!llf5^ s wmrn imtmilntiA »#lth tho 
days 
fisngui lU'prior to n-«istoio» OeomtloaftllF thm g^Lattnmii satrtx 
fiarbottrM h'mvtlw isy fongaa sgroAltui Ci*lat« VITI, 0) . 
(6) fiH^?^^ ? m ' 
h^® hlttoiJatliolfSir of rcwits -iiii?*! thm 9mt01infM troym in mil 
ftRefud^f! vlth ?ip«i5 e«k« aiifil ifmmxtiitwSL %ilth ^. laoognl^ or wltli tho 
rl3£t«r« of li* liiQognit^ i a^qtifnttally wa« rpito dlfforont fros tSi® 
hlstop'ttholoiy' of yoots frown in nmrnmA^A »oll« 
^^ > B« inooi?|i%| ttlonot 
'4li«t toi^ailnts j^ Fown in soil aiB«ia«il .dth noon oalc«| ttio 
miab^ fT of th* larfao ^^ liiol! imtf^ r«dl th* root* of nooAIiiiKt vftt fir 
!.••• thaa in sMiliiif* frovn in tho ftR«niSoil soil* flio pnyivoMoa of 
gl«&t e ^ l t if«f •^lft3r«4 (Hut* • tx, A,i)« tlio fiant ««U* viro 
muiXlor in sis« aaA posMModi a fOi#«p miolci andl atolaoli (^at« tX, 
0)» Ih* a m ^ d o fHilid to «nto moH 4ia%afteaM in tlit vaamaar 
tiMiio at agatatt tr«at»«i%a wliara aaiAXiafa wmf mmm la uaaMnlaA 
•oU ( l a t a f )• imvtliap tHa tlta of ^ a faUa naa ra«aoa«» THa 
f«MdLaa 9ro^««i «wa taaUar la alia aaA aoatalatS a favar naabMp 




^ _ _„.„^ ,,... .-.^  -^ -^  .^-^ -^  .^. 4 1 
^^ ^^  IT iHMtt ****T' I 
Jl* JttlMl MOMd far X««i atorotit msA 4iiiAt«ii«Uott of 1 
A9^ Mr«A ^Mlthr (?l«eo-x A|8), 
HiTOi t!)« istviiaitF of t!)« ^Mifo to «ii'tto«l pmpmolxfmk 
was Boipo t^aa «^«Q li»Q*Jlat«d bjr «lth«ir of tli« two iwthofoas aloao 
bt',t tmv l««a thmn nn«E5<iWl«a loil <*»lat» %t 4,S), "^e «ls# of tho 
flant <9til» anfl th« i i l l s !«» nmeh »fsall^p than |rpo%i«'««l W ^©ot-
knot alono In «naf?*«»!«4 «>ll ('Uato %I ^K fli© f^smlot ii»f»« v«f3r 
seaXl an^  onntatnid lliittodl nmab-^ F of m,^,9 C^ata If, P)« 
Ctv) »f^  tMli'rtii ^ «1* y?i^^ if^inmi^ W <f.ayg l»gioy)t 
Da«af« to oortleal tis«i<»s t*a« R5OI»« thaa In aw of tha 
tr^ a^teswit d*»sei*iii«a aaova, ttowav^ Fi It ms far l#s«i t'lan fch© 
tsoai^ efidad aotl* Cllant oOLla wara ^TO^msmSi w^ iloh wai'a fav and vara 
•omll^r in sisa* '>o ti#pa tha f^eal^a* l%ao«a.ar tiaaaa vat laaat 
lanagaA (Hata XXX A^)« 
(•) B^  mMBBiliili * i1' iifliliili ^^**'*^o^» -^ ^"y* ^ ^ , ? ' 
ta tl^a traatMdt foet«4Ri»t Had alr««lir aatamiirtiai bf 
tda tiaa tHa aMlUsga wmm iaoafolataA ult^ j ^ JMlttiL (^*t« %IZIA,B)^  
n^vatar, ttta glaat aAla yrodiiaaa ^^9 anallar tn alsa ttiaa la 
aaasffiiiaatf aoU« 8a ma ttia oaaa idHi mm f«Ma«a» ?lia daaatt to 
faaaoiap tiaaaa aaa MMII laat thaa la iwawawdai mil <nata xin,C,D)| 
Xt ia afft^ laat tnm tlia li»pa«olaf that Maa aalea pron^m 






lafi«ajit«a villi foot*!ai»% MBii«o4« M* j | . • l i i i l r or «li«lr 
^ # av«nij|« I tn i th of v««t«l ilMMatt 60 dart after iiKMRilfttidii 
vi t l i S* iaaf tg^^ «p ^ mSJUk tl&n9 9T «lHait«a«oii^yt fUmsm pwimw 
to a«)ftto^« ftaiS iMttfttod* iMplor to foafus HAt W9^ 970| 90i, 980 ami 
t308 tini i*9S9«otlvAr m« a«piact ^10 M I In md,tmmtL&ttA oonttol l a 
ui!&!i9n(^ «d • o i l . Tilt eorrofpoiidiaf Tal^«i for wl«lth nat 3 i | 41, ^ « 
31 and ^ m rofnnetlvcly as ftftttast 44 am In 0(9atft>l« Hi® ftvvfagft 
l<ifi?»th o? v»i!i.s#l «it€ii«mts fov tti« ecirr«aijoJ^i-if tysats'^ta la f l^ i ta 
grown In ?ioil aneaSisd -5*1 t?i n&«m eak« liaa 1^ 18, ^ 4 , ?IS% 1^45 ana 
t3S aw i»^99»0tl¥«Xy# ?h© Sf«ra«'a >rfl-ith fbr the {3ori»aap3ii3lni ^aa t -
renta nas 40^ 44, '1% ?^i a?-^  3^ «« ^ai|}«*atlv»lsr (?abl« % '»tij«4At'^). 
T*i« vastel »l«i!^nt« of fH^ ot of tifiit^eijia?:aa ulant vmmltA 
that t*i«i? v®^ *^  ftislfsTw anfl eyliirtflaaX in fha|i«« "'arfhratloa iilataa 
ir«« si»9l« or s^«ftrloiI, usually tuo in mtalxir atiii sltuatad at oat 
miA idth lataral aiapoiltloa* ^•'^m^ vaaaalt hoA loaf l l folast 9ita 
•lopla aaa a l l t lllca, aitaatad on aida mi ia and ai^ raagaA r«pla^^lr 
or irrapaariir* fa roota iaooalc^tad wttii root^ ^caat aanato^o, oa 
%hm otHar haait ^* VMa^l alaaaata htM& aatSarpiaa a vlAa raaga of 
varlatioo la aiiapa* mw vw* «lraaiar| O I M I aai alonygataA aaA atei 
bvaatHai i a a fav al i^ista, ttoaa ^aJiias aat oalir ooaavradi ia 
thair groaa mwt^m^jHf ^ t m vaiq^fi af %tittimtf.ac» itfta of pmfwm* 
tloa aad 9ap«f» la aoao « * • • • m i a i voaaala aatleaA 







f9Mkm • f t i f f i iet ^t wm 9ilmmkm oa tli« iNMitA i&iMttU m 
liiM«L«t«i %fl«ti MMi t i rT fH tiBUfBili * ^ 
I M l t i ^ t l i U M&MA 9tmlLr ^Bti tii«lv iilsElciirw 9ea» 
<MI«IM»»ll«»MIII«l«WWI>««««»WW«M»«»l»»««W«MI«M»r«^ 'H 11 HHH n Ill—lll^lllrt 
nnlaamilafedl 9 0 (3A8 • iSi ) 44 C3A •» 47) 
1f«MtoA« AloiMl t3t CX^ « 7X3) 36 ( ^MlX ) 
Ifwat9d« ^ e l l Q9km Wi i%M, • 69^ 13 40 {IJ. • 47} 
l^iapw tloiM ^ 0 (X38 • i3$) 41. C^ * 90) 
mnm* * oU mktm ^ 4 Cl4i • S54) 44 CIA •» 47) 
!?«mtcNl« • ^mm* *^ )S ClOS « TSi) as C » - 38) 
inimsHtAnmrnAf) 
*immtxa9 ^ l^mftti # o i l a«k» ^ 0 (118 • 630t 3S C i * 40) (SlMil taavoiaii^) 
Wi«ito4« • Wmm* if^axm9 ?!90 ClU • 63S) 3X C 8 -» 4X) 
X8ili7« ) 
lf«Mt<y9« 4> f^ipM • oU Miw) !gMS (X1SS • 968) 38 CXO ^ 43) 
1f«Mto4« • fwifttf (iiwit«4« 908 (Xia • 700) ISI < « « 80) 
18 ia r * ffflort 
llMMltodf • fttaMia • f i x mm 888 (108 » 810) 88 ( U « 4X) I «nii 8 «8li» 
Cia»i8i« 18 iagrt pwimf) 
• • •81 8«887 
liaBi]?« i l l tf l8f<^i t«8i0 8*888 
• flfar«8 fivcn i a fONMibttlt ia(liM%« %^ V M H * 
« ttf a«Mm8«8%8 of ^ 8 ff888| iXfMMlo mm ^tmi m 
800 fooiiaif lokiit At ioaioM i n fivo MittmMm wimfik— 





firUHoa in \mm^ mil nlAtli %t ^nrnwA 
^ • t t t a l t ttt «tl« P90%« of MfP&MIt 99m f%m i^ «P9&« lioaff l i ioaa| t t t«i«l i l i tti« root* 
SOllL MMflifd 'illtHI IKMM WitWl* 
t <• noMitodt* «leii«i l a HBMMIKIOA loiXi 
3 • a<MiQtod« aloii« i n aR#fi^ «kl solly 
4 « fiifimt alofui in ti!m!!;«iia«d tolly 
% * fnnmi% Ai«»ii« In mmrA^A totl^ 
6 ai ]iflnttto<9« «> niaffi* ^i«iilt«ii«oiiifil3P In 
'inaiMRiioA t o U t 
7 « n#afttod« • fltiifttt «ti!iiltaa«oail7 l a 
ftPt^lA 19 Will 9 
i » ftinifii* l i Aars prior to BMMtoAo l a 
uaoamiiloi mtk^ 
9 • ftmgno m doro prior to atMitod* i a 
AUNMAOA ioULf 
10 m aonledo IS 4tagrf prior to tm^m i a 
aauMmdoi o o l i , 
IX ** QioalMMio %M Aoflfo p i ior to fluijpui i a 
Ift oaoploi ioUL*. „„ ._. 
Hollow bars i nd ic^ -o ' ^e average 


































me^mtnA 9m9A Amm^B of tti« fmrtm of 
• o i l nm0BAtA «#t^ nwHi eftito* 
j4 • & » VoiSii flflRNHitt of tudfKKRiii t«A anS 
ufittKond«i foi l* 






^ 2 5 t*w>, 
1^0 ^g{ 






\. \ , 
•"13 0 0 0 c . 
0 0 0 0 , 
G ^ . j " 














•iWM as Mitlt Uff«F«M*i war* a>tta«4 to afbraMtd tlmrmMmn tn 
tp»«f«l Ammitw In all tti« twmktmntm, 
} I 
\ I 
Ta 9il«ii%s iffoim in mil mma/iifi lAtlt iMMii OAII* tatf fublMtat 
t(!» aiff«p«ift %r«ita«ii%t Awlfttioii la tli* wnMii ^«Bi«eitt nat fiMP 
l e t s t^aii la isH&nt wfomi in iiiMMmiiSdl •oil* 
3*3 ifMt ,y ,^ 41^ ;iw i?ip^ ^ w/%mn g^ affiiti mi^ Ti^ M i?r w <im 
^•n iMdlia^Si dippflA In *•?!« dllufcloa of i*afe©» solttM.* 
firaotiooi of eastos>| aettB^  troutielaut ard aa^a eaket fbr 60 ulnat^t, 
if®p« trsfiffirrad to po*'s contatnlag i kf acatooXav^ d loli and Inocu* 
X^t9A -A-th ICSOO roo&->k]»t larvao, tit© plant ¥«t^ht, sisc^ dari affear 
laoeitl:- tlrja m,n. lm% >^»S^  7,Q a?»1 S,*r sj rataoatlvaLy aa agatatt 6.5g 
in east of tjntrtecalataif!' o->atr«5l, "^ r %hp earraa^ ioTif^ lnf; tr-^ -atsflfiti 
t!i«» larmi poatJl-tion ^ t 1!B?7, 194S| ?«H and 1**(H ratp^eUvidy and 
r«iot*^»t i»«5<iii 1,50| %S0, 1«^ ar»^ . 1«^ ruap^otlvtfly, ?Ha dry 
vat^ r'it of sa*i!lln?t tSlpooa la natap tn»tiia*l of Wktmp aolttMa fpa©» 
tlons of oil oalea a*i4 latar ir»f«ilatii« wltli iW5t.knot larvaa naa 3«7,s;. 
Tfia lai*val iiapm^tioa vaa 1138 and foot*lciiot lttrf«x 4,90 (7ataa \ 
y^n» i«9t i^anlix tx)« a^iafioial aff^^oti vtra not ipaitPlattA to 
**s** dilnti^i Imt ifira also obf«i»v«d in tli# rtaainlnf dilntieaa* 
THa data fivm la talila 3« ng« S»9 ^p^ai^iz £1 aloaylr 
laAieata ^a l i^an tiia aatdliota vara 4i99iA la aatar iolulsla fraa* 
ttoiia«foii«eaic«a ivraip«oHva of dilittlaaat ban^tolal aff^ot was 
natai In tama of flaal tfal«li«« tP«4tta«loii la larfal papilaUon of 
tiia a«B£ toda ami ttia <«ot»iaiat UAtm, Airtliart loa«ar tHa iapatioa 





^isjvth of wrmtn of «w.ml&^ ©v. "^la "'!3FII1# 
61ltitlo«it of Q«f tor emJk9 fbr 15^ '¥i ar»f «0 
\ 
[ J o O n n S S p ^ WATER SOLUBLE FRACTION 0F| 
1 CASTOR CAKE INOCULATION 24HRS AFTER DIPS 






[ROOT D I P S I N WATER SOLUBLE FRACTION OFj 
[CASTOR CAKE INOCULATION 24HRS AFTER DIPS 
DIP DURATION ^ 0 MIN 
I UNDIPPED 
UNINOCULATED fSBSHBagii p i ^R @fl 
R^TIpnTwATE^OLUBL?^ 
[C^TO^CAKE INOCULATION 24HRc; AFTER WPS 
^ ^ ^ ^ n ^ ' P DURATION 6 0 MIN 
Wimmm': 
UNDIPPED 
•ilJliJ[t!JH^ .i|^ imi,mn.(^ ^^  O ^ B n 






lidiit i^io ^ « ioolt ««»• Sipned in 4tff«p«ii% 
dilntioat of amm oftH* f^r IBm ^ oaA 69 
i^*MioiO| MiSMM^WM iBjgjMlili* 
[ROOT DIPS iNwSrf^OUJBffFRACTOr^S 
NEE^AKE INOCULATION 24HRS AFTER DIPS 
^ ^ ^ ^ ^ D I P DURATION 15 MIN 
UNINOCULATED INOCULATED S BS 
[ROOT DIPS IN WATER SOLUBLb FRACTION o " 
NEEM CAKE INOCULATION 24HRS AFTER WPS 




IROOT DIPS IN WATERSOLUBL^gSg^^gjy"! 
NEEMCAKE INOCULATION 24HRa Ar^ -fp ops 
^ ^ ^ ^ D I P DURATION 60~MIN 
m 
' UNDIPPED 
UNINOCULATED BSEia a , @ SS 
. ^ y 
WSdm t 
Zrfing viKWi t ^ foots ^mm dippta la ^ i f f fp^ i i t 
di l t iUoii of pHyuaAisit e«te# I w 1L% 90 «iii 60 
• l a i t o t w& immH&ttA ^th tii« vdet«4BMit 
M»to<t% H i l i f l f l f i f i i JhMnnUtt* 
y 
/ " 
[ROOT DIPS IN WAIER SOLUBLE^ACTIONoS 
[GROUNDNUT CAKE INOCUUTION 24HRS AFTER WPS 
|DIP DURATION I5MIN,^ 
—'MTiii^ 'p™^ a m m 
-J^o^!ps!fWl!Bfl"|!j*j 
^NDNUT^KEINOCULATOM ZmSJimOK 
^ ^ ^ ^ ^ D I P DURATION S O M I M " 
IWiTmi^iimilTOii g @ 
>I0 
KUOT DIPS I N v 5 ^ ^ H i P i ^ M B _ 
'•-^. FIG. 7 
ft#A 9 
/ ' 
I ROOT DfPS IN WATER SOLUBLE FRACTiOI^Fl 
^MAHUA/CAKE INOCULATION 24HRS AFTFR DIPS 
'DIP DURATION 6 0 MllsT 
UNDIPPED 
JMNOCULATEDI INOCULATED j s m 
IROOT DIPS 'N^JEraLSBL^ iSSS^r . 




UNINOCULATED iJUJ«IHf.!|j^ .1 H 
[ROOT DIPS IN ^ T ? r a ^ B L ^ R A ? n S ? r ^ . ^ l 
LP'P DURATION 30 MIN 
' UNDIPPED 
UNINOCULATED iJI>Jill|||iji|a| H >io 
/ 
I 
"ttiT?!* Loag i n «iff«p®at dKltt t loai o f 
vater »3liil»l« fraQtioat iWf\ o f olX oakts 
0IS piaai t*^l;.fht ai*! th« i«oot-feiot a«ir»l09« 
^z\ 
\ 
.JS/1- Si/ -J .9,^ 
OS 





A|i:i9iii|!r of f^# ••flAim^f in w»t<ir tolnbl.* fr««tt9iM of <itff9?«iit 9il«> 
tfas €«sl»!i«fl ta ^©tflw t^no iili«th»r th« dlnutnt of t»i« »o«iittfit§ in "^9 
of ollm^Bkew aff»ot«fl the pflfiotmtlofi of foot-»kiiol laiMWio Into tho 
root 01* not. 
I t 11819 Ob»«iTir^ tha t # i w f««dltfir» «i|ip«d t o '»'^ '» «Slluttdll« 
of i*fatftr foimjln fr®atloa» of saitof, n^mt^ i^poiturijiat ami aahiia 
o«k#« fbF 60 fljliiat;^! arw!. lat©y iiioeiilatiia -««ttft i!»oot»k:?iot Isrwa^ the 
miftbiW of root»:-caot larva* nmmtr&t^ Itito tH« I'oota 4*? hoiirt ®ftfl» 
im©?il-tlon iMts 701^ "B ,^ 4X1 an! S03 r®»i5©otiv»lF »« a^lait 531 
la ooatrol CTabl* «4, fn.f« IQ), tn tlio ronalitliic ailtitloat vis»f 
S/^ ami S/10 t^a mmtmr of larvaa tianatvataS lute tli« foeta tiaa nora I 
tliaa »§*• dtltitioa^ howar«r. It vat ts.r l««« titaa tha ooatfoi* 
t%« dai^timi of ^loi»in$ in all tha oonoaatratlofw prttfowoAlT 
lnflti«a»aa ttia lavfal faoatratloii, 
^an fiTMlilF dataliaa larma nara tpmafavrai to f^vaattaa 
wateh giaaa aontidalaff s« n/% 8AQ» iAQl» «»f I^ IOQO ^iittUona of 
m/bm •olviM.a flmatloB of oa«tav aaka A!HP 7t hoBra, tiia 9«»oaRt 
Mylaltlr IMM V>% IM^ l ^ M aafi 48 ra^avMiMM^ Hw awpraa* 
. _ , ,„._ . _ ^ .^,_.., , X ' 
J4 
•ftkM OR I I I * 9«ii«t7mHos of th* fo«i<4m»% lftf«A« 



















































































































































4 i 7 
















fciiiii d l tf IfflttI 
}8«43t 13,889 10.488 
]8«788 Ifv'MMI 7»988 
aMli Titao i t on mtmm of tiiifot i^ltoatttb 
/ 
^•at^ttiioB of voot«4Biol lai^fm* la foots of 
ofi^iont ov* PtitA mtrplo IiOiii diinioS In watop 






















G.NUT CAKE WAHUA CAKE 
35 t/)CMO i/iC40 <f>i40 
'^  ^ 5 w5i 5J5 
5 IflCiO </»(MO (/)C>4( 
DILUTIONS OF WATER SOLUBLE FRACTIONS OF OIL-CAKES 
0 I5mt» 30mts 60mts 0 I5mfi 30mt5 60mt«t 
DURATION OF ROOT-DIPS 
FIG. 10 
^ ^ ___ _ _ ,^„„ ._,.,_ _^, ^ g 
" ^ \ 
wmAUm ^iltiHmi 9f mtiw ueaLvm^m fm<BitUnw • f mm i^diai tli« 9«r««iil 
m&f%Attf «it 1^ 1<XI| 3 ^ 100 sal m mwp9»%iiw^T$ in wnmimt 
••IE« 1.0Q| 100^ X0% m »BA M r*i9«t«lvilr tM la MHWI Mk« XOO, 
SCO, 100|| 99 aol a» rM9«onviljr «• a^intt Mto 9«tMi«iit i s <9|fl%iU«4 
water (ta^a i» ftc* U}« 
liaifal mortalltgr aat ipfofbtiaSlr laflTiMeiooa isgr ttia aapofora 
9«rl<»il« L-jm^f tfta «xiK>flar«| ttia m^mt..t0t vat nortaXltgr* n^r aa«i-> 
Flag ¥ti«th«p th« larvaa if«r« tisioMlitiwl or tdllafl, tha l&rvaa frtMiB 
•aefi trtalaant i#<;ira tvansferytS lc> ta^ tmtar* THa Iai*faa ttiet fatl«€; 
ta «Khlbit !!3avaB«Rt, v^a waptnal to tiava %i«fti !-dLltai *'ltjpinf aiQaamip^  
t«5 watw solablt ftpaettoaa «f atl eaiiaa* 
t t i» Qleap ffo» tabla i , *!«?• X^ ^h«t tttrvai hatah vai 
a'vurtaiy aff«at«9 t!«r fclia «iff#if«nt atititl'^n of oil o«ka« It iiaa 
78, m^ #8, VIB a«! 309 v^mtmtU^r in «;, n/% nn% VIOO and 
a/1000 <!llQtioa» of v^t9r tolalila fraetions of aattor oakaf 63, ^ t 
90| 174 aai WB raaaaatlaaly la aaais aakaf 97| "*% IM, M8 aaA 999 
ratyaeUvAr la fffaaaAaat aaka aaA 98, 99| l ^ t >^^  ^'^ ^ ^ ratpao* 
tia«ly la aaHna aaka aa aaaparaft la 996 ta 41* t i l l aft laitar* 
i 
AH tba iUtttiaaa af imm aiUaakat elfidflaMitlr 0ap9yamaA 
i 
larval liatali* ^ t l M l liMMtlmi mmavwi ta aata eaka f)9llawi9 tr 
I aaiMa aalM^ aaatMP aalM aai grwanlflBt aaka. fii«ra ti«d iiaaa a aiFaat 
ViAattattalilf >a««9tn tiMtttiaa tm katalitii9 i ^ tHa dllatiaat of 
aatav aalabia fimalloaa af all>»aakaa> 
V 
r . ™ 
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Ii*9«0«ait S< i « 9 i t ) 






• • - * 
• 1 / ^ 
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t i A ^ 
«/i^ym 
, • • * 
f^/9 

































1 '««pai¥ •! i. 






























































































iM6i w^bm lot m mmmm ^ 
N 
FIO. U 
mp b«tir«itt diff«r«iit dilulioiit of iMit«r 
•olnblt fPftettoiit imf) of oil OAiifti artA 





















/ /// / 
/ / / / , 
^ /// / ol2hr» 
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Citi»ilAUv« larval ti*t«rii of tii« rciot^ toiote 
iimtod*, M^aifflrai i a w i r t ^ in 4«ffo 






























tOfv lOQO </>CVJOQQ ^r>^OQ 










\ FIG. 12 
.iS^'**""^ 
y 
- " --. G l 
fV<m!iSi»t afi8 a^ hnm mk%% ««r« •AAtiA to liaii»ir«r flatlet oonttlnliii 
wtohttM*e mmHixm^ th# Avf vFniiitit of &i« iiyiii^ itiiR aftiir 18 iairt of 
tnoeal^ Han ^tt ISO^ Osj i4S«0, 317.0 an« 1A4,0 Bf 9««DA0tiv«lT at 
•talaiit «lt1»0 B^  In ^eHard»t wtdttiB aloiia (tablt 7, H i . IS). 
Tr^orpoyatlon of wat^ r »olitl>l« fraotion of olloak®a not only 
iahlblt#e! th« fteufifal frowth bat alio aiiv«r««lr «ff«at«4 tha PFO^UO-
fcloa of BOitfotia* ??tfh#it ra/^etton In th« im»<«uetion of talarotla 
was fooad iti nal»»i oak* foilowai W nmim^ gifoiixylimt an;! oastor oaka* 
*ti«ni satds if«r© allows to jjefiBliiata in i>®tiiL€lsh©fli eoa-
talfilflf tuMmaiiSad ^atoelavni foil inooalat«!)€ with ^^ Inoaitnlt^ 
(1000 lartaa) of ^t!i 4* yilan^ CI ft) atona or vrlth tha eilxteira of 
th» twa fwthoaiaiia, tfsa fopeAimtlori wat 7S, 63 and "li uisreaiit paapao*. 
ttvily at afHatt 96 pareimt in wiinooulatad eont?ol« Ttia paroantafsa 
ffannliiatloii fw tlia oervatpondtnt traat««iitt in toil aa^ nAtA ^th 
•attoir oaiea wat SO, 70 aaS 41 9«P «4mt Fatoaotival^i in nate oalca 
vat My 79 and 98 paraant rataaottv^lrf in irottnantit oaka vat (I9f 73 
aiiA 46 par otnt vatnaettvalr imA in nadaa oaka vat 7^, 68 ami 41 ^m 
a tat p#t9aativaijr (Ttl^ ia 8, ftg* U ) . 
It It altar fwwik tlia farafaiat that in tha oil*eaka aaandaA 
aoil tha taai faralnatiao ant anhaatai and tha tiwrta affaatt that 
niiht havt haan atnaaft 6tta to tha pipaaanoe of tha t«o pithasam 
\ raittaai* Out of tha fow a l l mtkm hii^^tt fMvlaatloa mm frnxA i s / 
' • • / 
fftt!a.« • tJ fff®«t of mttw «oltai»l« fracttonf C^-^s.?,) of o U -
Qait«s <»! the p«#th anr) MliHK>tlAl fi^nMittois of ttM 









































' • ' 
•yt? 
^/lO 
Diy i fvi iht of iqreo. 
9t^.o ( - ) 
180,0 (94,70) 
460.0 (4Sa7) 
S'10.0 t m , 4 4 ) 
'?^I3.0 >.70«7^) 





" ^ ^ .o if-^e.is) 
i e 7 , ^ ('T7.44) 
449,0 (46,96) 
fovnat ioB 
on i o i t i 
• « • • • • 










•^" i^tpa.ito^ y^ ttytfUi 14, 999 
L.n,B, <at 1^ l«9«i> 19,77S 
. «tlK»Hri*tW(WMW**IWt » l» 
ilftGh VQ}.!!* i s an av«ra^ of thr«« r«pli<}ftt«« 
tn oft!>«i}th«sl« apo «!iv«ii I>#F e«ot poAviation ov=»i* control 
la diy wot flit ©f {f!ye«|.ttai. 
abvoatf • • poopf • • « 8iodl«fr«t«{ •>• « Hlflu 
«.4^^ « ftijftiJit&at* 
ft% 13 
:;^ rf#et of ^mt«e soltil»l« fpa«tton« imf) of 
oil «ak«a on th« gfo i^th ais! MlCPotial € 






n DRY MYCELIAL WEJGHT I SCLCROTiAL FOHMATJQN 
* INDEX 
0 L-l-- l . i J . . I 1 J™ 
CONTRtX & S/2 S40 S S/?S/K) 
N«£M 
s s/2 sm 
uNur 
S S/'2 S/KJ 
CAST OH 




1NiM« • St ifr««t of H»mM9 «o^pl«s oa •••A gmmiktmUm^ la 
mix •anilta lAm »U«t»ii»t. 
1111011.1 iiKiiinii i j i iiiimiiii »m]mmm0mmiigmmmmimmtm mmmmmmmmmmmiii'mmmmmmm 
fmmwmt wtmOam^Um #f • • • i t ia mmem 
•iiiMi • • I M flBft ariM ••!£• 
ITaliloOttlat^A 96*0 M«0 94*0 0O«O M«9 
< • ) ( i . 0 i ) {%0«) ( 6 , ^ ) <U.48) 
1* tmaamA^tM aXmm 78*9 i9#0 §t»0 83*0 79*9 
( tU i7 ) (W.MI) ( ? . ^ > (1%843 Cl.7,79) 
1* JBlial aloiM 93»9 7d«9 79«9 73»9 6S*9 
04»37) (27.085 (i7»70) (I?3,t5> (S».|j8) 
M« laaoffliltjt 4^  J* J g & l ^ ^vO 4U0 ^ . 9 40*0 4]M9 
"gimultaneously <f3»9i} ( f?»^) C ^ . ^ ) Cil!»€S) <87»Si) 
L.^.D, (at Iff .^fv^^ ^.447 3.^90 '?»447 4.686 %9m 
ltar;iJllt„,(,i,l,M.lfHili>, *^'5'<57 6,0S4 11.707 7.0iS 4.1«1 
|ih^»iWi'i*l'"-)fc. «frnii»n>y.ir>i. mM'^ WwWIiirtW .««|iii»«wiiaw«i'wiaiiiii'>i' 1*1 IIti.a'iwrtii.iiJitiiwwiM.1 !><,«».i»>i|i.Wii<[ 
M9k iraiac It an fiv«rttf« of fije f«plio««««. 
XnMnlttB Iftvtl of th« iMttatedIo • X999 larmi/ 
Oll0«ll«« W9»9 *(M«i # Iff ^f/k§ , 
Xa f«r«allia«i« mm givcB t«p««at i*«i>«i»« la 




rat<ly OP slisaltan^mfly In fall wamAtA 
65 
NfMATrMNJ 






' ' ' - i i i j im M i n M i iiijii .1111 Biiui ii.]UMiijiim i i j [iiBUtiiiijiiiiii.M||iiwi|LWiMifii»wi|iiiuii' 'JlfirSl" " " """" 
AHA S / 1 0 auuUaat af ist3Xtor« ftl^Pftt* CC«?*> @f j« jflJliOL ^ ^ ^^ 
aliiat«t aM l&%«t immH&t^Si rAth rooWicmt iarftt% tti* <Sfr vtlftit 
of ••oSltnfa 60 dajrs a f t i r tmoiilation vat 7«6, 7«i and 3«t g rot* 
p#ott7i3.3r AS against 7«S 9 in ufdfiooiilatad anA 4«0 g ficMF •Mdlltitip 
dippaS in ^latar* fho popislaticjui <jf root-knfit l«npa« for feha oorraa* 
poi*3lfif fci»#at»®nt Has l/87l!| ?^f*??»| *^34 and S §^7 rAffpaotlT^jr aaS 
w»ot»kf»t lnSi(E l»^f 1»*»S, 1,SC5 ai*! 4,00 rmmtf9ttv^f (Tabla % 
^1f» IS «• 1(S^  App^ »fi3E T i l l , i%uptfi«p, Wia lo!i«r«p th* «ii!P®Hofi of 
&ln fFne^ t'^ p !faf t?i« b«»n«ftelal. #ff«et nn e^a'Jtti, 
I t Is <5on«lti'f«5 fSWi* tha aboif» that ^irmim of f^att In « i l -
tnrm fllt^rat® of j , sfi^aal^ a^lvaraaly aff««st«pi wot-knot dairaioiMiaiit, 
^r thar feh'^ra ^aii a ilraefe oopvalatlofi b«itwaan tiia oonoantratloa of 
etiltura f l l t ra ta audi th% duration of «xpo«ttro» 
^aii%gg#fl ^ imMm^^J 3,10 
I iama 9«iio%rAtloii mm raAaeatf la aoadliiiit «aril«p dlppod 
l a «ia«i«r« fU lva t * of ^ JHlitfU A 41roo% ooFNlUtloa h9tM%m dUu* j 
H O B «aA r^laoHoa l a nmbar of ^ o lapfmo panotratad naa aoUoai* 
Mupttiav, »!• awpaUoii of diptliif alao lafUiaBOad ^ o la^fai M > M I V » * J 
U M W Tlio anriMP of larmo f«B«tratoa In loota dl^^oS in ^^ dlitt* 
Uoa f ^ 1 8, 90 « i i flO wliittoa naa 410, 380 aaS fltt vo^oeUvAr • • j 
I a ia ls i t §91 ta teatiiiA* siaUar tpaol mw fmafi l a otiiair dliuMoae 
\ « • H A I ( f ib lo 10» f i t * 19), 
i'l 
tmtll9 • t i Bffoet of voot«<ai9« in <ialt»p« filtrate CC.F*) of 
MAtBSSSMA ^isAmxif on tliA mmMgmt A^^AM>pmsBi^ 
mcA tHo gfo^h of onfi^aat ev« ?»«• r>Qi^ o t^m* 
fw«^tm9n%9 
^ n i noonXa t aflo 
^ t fp«d in o^Tt. 
» »» H 
*t tt n 
1 »• «•« 
* t rt «t 
^ »f 'S 
H !t •* 
' t •'? H 
j» «t -1 
n «i « 
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SAO 
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S / l ^ 
! ^ i » « l ^ t (g) 








^•sc i 'X . ia) 
7.a(#4. ' i r» 
%8(*9*00) 
0.««I99 



























^#4(1 Val lM i t ft!) ftV-^-'MfO o f t ^ O O V«ltiQat«»« 
tnooidatoi • laootilatod wttfi ^ i i » a « i i ^ (IOO(ypot) 
la 9WP«it{i«il« « ?»ffo«iit li»roft90 («•) or dooi*oftM 
(•) ov"^ tiiooi2l.atoi«(!i9p«4 la water. 
Btfml of r9olu*4l9t of tfiplftat «•• Put* 
*^ i»l»I« I.01IS In dlff«r«tit SUntloBt of Qult!ap« fllti>«t« of tfi9 7oo%*fot fUnpit 
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Ofoiftti of TOOit of ^iipdMit ev* PaiR ?itr9l.« 
Lo^ ^m tii« foott wwm ^pptA in different 
dUmtio^ of aoltitp* fllftfttt* of %h9 root-




'ROOT DIPS IN CULTURE FILTRATE R SOLANT 
INOCULATION 24 HRS AFTER DIPS 
I DIP DURATION 15 MIN, 
ESI^SB ^ S 
ROOT DIPS IN CULIURE F I L T R A T ^ ^ o S J 
JNOCULATION 24 HRS AFTER ^ ^ 
UNDIPPED 
UN/NOCULATEO IIJI>]Jllf.\j=^ :| S ^ 
^ROO^IP^NCUSUR^ORS^^HJ 
JNOCULATION 24 HRS AFTER ^ 
^DIP DURATION 30 MIN 
f UNDlPPi 
UNfNOCULATED mmm S S SS 
F I G . 16 
70 
fftlA* • lOf I f f • t t l of oiator* f l l t«i i t« <6»F») f^ %li« l^tavit 
OB pMM^NiUOII of IftflVO i » tilO f09 l» « f mggffltM 
froatfiitotf rmuoti ( ato ) C!F. l i k^ i4*Sf 4ilyt 














































4 S i 
487 
3 i« 








f*«ii«trfttloa 9t r0Otmkx»% lft!»«m« ia rootg of 
•fif^aat ov* >Hi«a iNiv]il« long (^ iP9«A in mil-


































S a/2 S/KD S S/2 S/IO S S/2 S/K) 
DILUTION OF CULTURE FILTRATE 
I5mts 30mts 60mts 
DURATION OF ROOT DIPS 




talninir <Siff«p«mt <IilnHoiis of oiiitaro ftitmto of 1» JBliBl "Hi^ t 
s , ^9i fiAO, B/lOO aanA n/XQOO^ tiio pii^«fit«f« of Iftrvoo mmmulb^ 
^wrm 100^  lOOp I(X>| 4t anfl U roipootitriay aftor 79 lioaro nt ftiUMt 
soro p^re^it in '!tsttu«d iMit«r* Tho i»rt«lil7 «»• fenma airoetly 
eer?«iato9 with th® dilution of msltaro flltrato aiii p«Piod ftor vltioh 
3«ia MfmcE 0? c^iMiJis FTLTHATS OF J , aoLAiti OH THE LAIVM. HATC^HO 
E S E a r a ^ E ^ — ""* 
the wmhm of Foot^ lmot Iai>ira0 tietilMS vltfiifi S d«/t'v«it 
87, W% im^ 538 arr? 784 F«ip«etlT«l3r in H, ^/1, *iAO, H/WO and 
-yaiK3& fititition of e«}ltai»« fliemt« of J2» jpl^ t^ j^  as afalast 3i6 in 
(JiatilXed "mtf^Tm Thm*© ^ s a #ii*«9t «!oiT«latlon b«t%fo«R ttio flilti-
tlon of tfi® oaltor® fllfcrato and liifjtblttofi of ImrmuX imtch CTabl« X^ 
fi$. as). 
3 
9f If lupt 91 liF« 96 tii»t 4B hTM Wn¥i 
^ 93 100 100 lOO 3.00 
s / s 7 i at 100 iQo 100 
n/xo m 7n »@ lOO lOo 
S/lOO 0 1 1 ta 31 48 
f»/ll^J0 0 0 a S 13 
B , 4 0 0 0 0 0 0 
m»m7 SS.614 »l ,7ai 120»«SS3 78«dd0 
l a i . l i i lM|f79 l^ ,Sa9 1790«S07 1U.SQS 
MWr—iiwii*>-'^ jiiiiwiwiwiPi iwwwiiwiiwiM-wiMiniiniiiiiiiww'ii III wiwriw w 'HI "MUM—I • II nmmmmmmmmmmimmmmmtttimtmmmimmmmiiimm 




^^ tvMm ailffirttit dUnUoiit of eul.«iir« ftl* 
tx»at« of tho TootoTOt fuagufi ff|^<pft»i^§ 














• l e h,«, 





k *H-.IHp«i|«l»MII|WWl< l»'iiymiHH<nii<Mw 





laiitl^t ( i t m XvtiSk) %Qxy 
2«»S*D» Cat V^ l^vtidL) •'USfl^ l 
iMb VKlvMi i t *s av«i«c« of ttirt* M|iU««t;«t« 
\ 
\ 
Cumlfttlv* lariMl. haMtk of t^m foot«lBio% 
rm% dllmUont of eoltnr* fillr«t« of 
tti« root*rot fttf^ (a«, JtllJft9lttSlA JSliHl* 
I 
\ - / 
iOOO 
c/) 



















. 1 .- ,. .-.-
S S/2 S/IO S/KX3 S/iaX) DW 





4 0 0 










(OlMf %«r 4) 
ntfit 9MFAttfcie nmmtoAt ai*« 9at»i«»«!«iMi in tnHr aim ?ii»Ms 
wM &«>• iMpftblt of ^fo^oliM; r«ooffal«i!>l« at9«aM tmmttm* <ifi aippfo^ 
prti^t* «QM«9tii»lo liot%f« "^nt of tm ^litftMt oatusnd bjp avmtadM 
iir« <3<ibllttritliif (Aaon. 1968)« ileiif«f«r, ^ « B t l ir lnt«RPaot wltti 
oth^r piatfios:«nle »t»ifa.nliH!s« th© ^Inimm uloturt It drastlaally ait«Fad» 
Ife «iian^«i fross «l«iiilltatlaf to an?iltillafcliif (PovtAly l^Sf X^WUfb, 
IJ?0 ana a«r "••0% iW^)» fh® va]l«U#» hrm& rmlattmt ttfAlnst 
fii»i?al attack betumm mi!3e«iitlbl« la tfs® "jf^ ifliiie© of a nsraatod® 
(i\t^n9onf l a i ^ ?f«ttl| l!»S4| **il.«a«®« ©n*! r^wtftl, 1^ 16*1, 1167| 'fo^ snf, 
IMtf ^aFTlson s»?l o^ua% l."i4l| *la»sw ^ fil^., ifJSSU '"•oil tnhabltlnt 
ftinfi 3ueH &9 m^^im^ .^nralirliif .lg,te.llit imsslUiUf f^fHaUUwi 
s*^ ^gjaheaaym whieli ay© ?ior»illjf not imtfiocrarile on healthy tolNioeo 
i*ootf9 b«eaaa |iathos!«?iie oa rtmtm tnf^nttn^ W iw»ot»ki»t fi^ aatoda 
C^wall j l i l . * , 1971), 
Tha llt^iratytPo on nmmito^9 funi^ al intaraotlan has t»««n ravlaifal 
by Pltehaf (1^3, 116S), %ifAl (l<J?ia,li,lW^), iflU«r Cl<«8), 
Barfaaon iX1/f9)f %iPtaii (1^8 )| Iiati^artl ani Tarlor (1^ 179) aai 
Ctiaa (2i«X). 
Pmf%m mnA %ir«ll Cifia?), ^««L1 (1^8) , i^ifi&l anS Sattaii 
(iM?)» tanor aivS ^^Ua (3.«l») am PiavAX j i i&« ( l^X) 4«Kmstfs» 
t«a that la foot-anat f^ii«al OMgLasaa eoHMaiail affaat af tha tMo 
palhatana ma wva than pvodttaaA W a&thar af tha t«e pathogaaa aloiia 
a fart of ggraarglatla rAatlMMhip• ^m mrk oa fiMit-4niot • f^ ta^al j 




/ f«%li9««iM M^avatUUr, i t ma «a.«iJMA W ««rtAia MiAiittett tUftl 
on f«rtolii !iottf optljMl. 4««if« omnm^ in tltiiaUoiui ^mm piaiitt 
v«r« iii(»oal&t«ft •Unltanmnair Cmiitoa KHH 9I1II«W% Wt»% nmmmmm 
Xt77), flMP« MP« aim i>«DO»t« In ^tdii i t mm <»l>««pv<id tliftt oi^Un«l 
4itaftf« oo«isvp«A «^«i i^«n%9 i#«r« lfK>«fiii@t«a iittti n4Mato(3« 18 d«r« 
pPOirl^ A «apl« t»f99f tiiat JI* InfiQigtiitA iti!KS J* fSlUl^ ooi^ti^tioa 
esctsid optlnftl 'lamate ta •ffplant sMttlln^^t on imsmiXmting thms 
flsttltaniKJUsly. 'Hwu, tii«s# i*««ultt a^a tn moeor^ ^AtH ttK»s« of 
Asm (1176), ^nntos ana W^lnfeon Ci*l^), *^ lesti»U anrt %w*t.l (1972). 
Tfia^  sr«^ ^w«v»rf at faHan'i© with thm ft-T'*iifl: of 'laattr jjfe §^, 
Cr^SS), ^Tiinkin* aai :^^ »miyt0a, ( l ' l ^ ) | '''i^andas arifl i^vtil <1^7) and 
'•'oTtm arw! i'^w^lf C1967). 
AltHoafli tii« preaaat author &m. Mtt&n ami Pbvali Cl^X) tisM 
the s@«i« 09«Maatioa of pat!io^<His and th« t^hniqu«a aHploy^ A fb? 
Imoui&tion yot the aiff«r«fse#»» i##wi notai. f^ swia «llff«p«iie«i oan t>o 
•s^lainad on tuo «o<Kniiitt» firat tioat ^tff^imeos, »mmM • <llffa» 
raaaot l a tli« ttemlR of thm ftmnaa iiaaA* Tliaro ai»a lafto mmibmt of 
• tmtao of ! • l O i l i "^^^ Hftw ta tfi«i? patnotonloit?- aaA othar 
otiapaetirt dooiai ia, xmo% Kwmmmp i | iLif I^Stf ^ai^nai l ^ i ) , 
THo t t m l a of S JHltBl ^s*^ ^ la t taa anS '^vAl (Iff?!) «a« ifaatdT 
patliofanio tUmm i t fMlad to ooioaiso daaltt^ tobaooo foota of root* 
knot iiiaoapHllo «afl i»#clat«u onltivarai uliar^a tiio ono aaoA W tHo; 
I i^oa«it aattiov^ 9ro4ao«A aoovoala aafl oirtmfivo Aaaai^ o to am'tloal 
\ / 
r-} ;^ 9 
/ 
i 
th« «Bl«it of <S«a«f« in tli« ttip«9 tP«Atn«i%t in «^ tQli tti« 
tluui IQ trMttanatfl ifli«r« th» foots iraro laoefUl^ itdl witti «l«li#r of tk4 
9ftllio««i «loiio« la tho fbnwy tttuftUoii quaiifeatlvo atff»r«iMios liair«|| 
liowovtf« >^o«n aotoi* optiattl ^ MAI;* tuif bo«a ocasoi in trtatn^t la 
irhloli sotdlHiKit liavo b^ on tiwrnHatoA tir^tanootiilyi mnAmmtm %n 
troitfiwnt lit «lilofi w>ot»kf»t pro04i€«4 ftiiiitis aurt. l«ftst In ^ieh 
funius 9poo®d«f i<oot«»lcaE>t* in ftli tli« ttiFow sittuiUons radtietioii in 
AT7 w»i#it of plfints Ii8v# b«oii wash s»i^ than on la»oulafeln«r wlt*i 
«lth#f of feh* patfio^in alono. '''iwtlarl:r «flffo!»>-''iie«'a ?»ftv# also b«N9B 
ob3'^ '*v<B(! ylth •^ #»«!»«et fe3 iiof«il«it;lfin «^ ans:«« In thfeo ti»#at!!wnt«« In 
slr!tiltan«p«sf Vmmil't±fi% ^tti tHo oattinsT n^* hav© a alisyae* to |jar«-» 
sttlso t«ootf for SO «^ «y«, «^»'*oa« In tH« T^ oBsalnlnt t ^ !ij»#stir«^ nfc9, 
thm '^uTfAtlnn of pai*atlti«i !iy ntim nr fch# oth i^* Is vn^w^ by flft»«si 
days* Tioth#r |ios«i bill tor \^lch nay aooount for th<»s« dlff«F«»«f 
l« that with the Iap«« of tl»o tti«* hoft suMaptibllity e*iang«t with 
of 
tlio afi|/plant«• f^ oti 9h«fi9%«tiQa is fairly ooir^ aoa in parasitiwi in 
aMiato«l«« (MJiifo aai Sttay, l^ fTSf lieli#rBian« 11?4t Htffot and Hai, 
ii79) ai)!! ftiad C^nmll and fltiflunl, 1§W| ^iMll ^ AL*« l^^ ^t 
0i«kiii«oa and Cnitai 1974t HAlaaei J& AL»t 1^0) • 
ftio rapfoduotioa faotor *B iaootaatiat •ffffi^ aat loodliiii^t nilN 
y»ot»ta»t li^ftto aloaa, flaalt«ii«QiiiAy idtli tti* l^niiiia, f\iniii« praoH 
dint naafttodo and avatodo ^m^adii^ tmm* haa ba«tt €•?, S.% %f 
and 4«4 r••9••tlv«3^ 1¥(MB tiila data i t ampaura ttiat tha prmmmm 






* ]^ «it% vit#i% ^Kk% alfo la r«iaoti<»ii of popilftttoii ami ffooWkaot j 
talM* Hif^«r rvppodiMUoa fuetor In «r«ft«i»«att in «*ilot} rooti^ iaiot 
iMii 9M0«Ai4 Atngiit «• «iftiii«t tTMiMats ifii#p« th« fttnips prMtfitA 
n«Mto4« It iiii9«FetftnA«bltt M in tli« fbrai«p, t(i« iiMi&toA^  (lat ft | 
Ai9P«sSix f ) • 
ta •twdlftf earpt<i«i wit In %n\X aiR#nS«4 with rvmm eak« aiiS 
••ffidltfsft lfia<rtXatc!A vlth f^ oot^ kaot ar ^ aolaai alon% lAaat v ^ ^ t 
liav© y\mm pedtio«d tntlfrnlftetiitly at If a««i tsaka |iPoiri«5«« o«i»tala 
d««^ fi© of in^teetlon a^laafc \m\h the patfiofoat or It r«dy<5«s tho 
taltial poimlatioa of both, la th« raKalala^ tr«atia«3it ©IthDai^  tha 
pliiat wal^ ht has h%mv roAiioad slf-tfloaatljr bot i t Is fAr lass thaa 
la isaam z^idad 9r)il» "ta has b@tn tha eE»« ^th rai!ai*dl to popoiatloa 
ohaa^aa and Foot«»kr»t iai3ax« It 'ma b6«»i far laaa htxtm thaa in 
atudles aarriadi out in uaasaisSail aoiX (Tabla I, ^g* %ik Z^ Appaodilx 
I )• siidiar fladla^a hava baaa r^ ptortaA bgr Aaaa (lr»7S), Khaa iVff^\ 
and Alan jj^ g^ t* (1^0)* 
Tlia atodl^  of aaatonleai f^taraa of roota in different 
traa^Mnte praaaat aa iataraattnf piotara. ta foota inf#atai ^tli 
foot.4Eao« aaMtoda a].oQa» AraaHa Mato^atholofioal 9tiaa«aa ^aaar ia; 
'KilLwm 9MNBol«snMi i^iia ia aaaa of j» mSMBL n^ oortiaal faraaaltrMi I 
(flat« XX, XXX, X? )• Xa aoaaaattaat iaoooiatioa, ohaafaa 
&a aorUaal yaraaatlyM aa vali aa la vaaonXar ^mmsA (nata TX)* 
li«v«v<»yi tlia 4afra« of tmmnm «tff»ra» Xn aiiMltaaaotta iOMalatioa | 
i tba aarftiditr of be«li tlia Uaaaaa la tiigb. Xa traataaat ia vh&ali 
• ^M feot«tiao« wf^^^ faagaa, aora Aaaata ia aaaaaa to vaaoalay aal 
\ / 
0 1 
i i M » <l«imf« to QorU^sal «l»fii«, fli« r#viv»« i t true la %p«tUi«at l a 
ni^ foli fnapit hat 9f»M44«S br a<aato^» CUftt* n x , VTtt)* 
T(M Attlat««ra%ioa of «M«ia«F 9«P«netKraft %ir fOot«4tae>6 aai 
oortiottl 9ftr«iiolismft ^ J* jgj&iii IMI« A boarlat oa tiio fbra«t|oa of 
gtwii o i^ l * af diffor«ii« t l i M a^ id f l a a i r oa «ii# ^so of f«naM» f 
BoMOi th*i ^fforoaoot l a • ! • • of feUo %w l a aifforont troafeaiMitt* 
fHo ovoTftll doer«tt80 la tti« fosralaUoQ of mmmU»A% larvao In eoaooal-
%mi% li»«ii].&tloa lvr«99«otlir« of ti}« tPMtwmtt nqr t>o <!»• lo Fi&oaM 
of t09Elo ttoliOsoUtoo ^wim fMUPm«lli«B ^ J * l iHial ttio data slvan 
m Ubio XI, iS^ f l fo* IS, 10 la wtileti I t ii«s t»#oR oba-^ rvod that 
8iilt»sro f i l t ra to of J« as&9M^ ^* toilo to iMpmo aadi r^luooa latval 
tiatoh« Slallar flnitont ttata ^ooa p«ix»FttA %iy Jii»ot {X166), ShatdLa 
a;^ Swttntip CI<I71), ^aa j | j l * (1^^) aart i^ aMi Cliy^S)* Tliasa flfsfllafa 
In addition to oaa esltad abava aai tmA thm i»r#9«fit author to poaoh 
thi> 90!i!?ltiitQa as statadl abova* 
?)oot««aot infaatloa otiai«|a« la ati&ar vrntaaCsi^^l^l, W^l% 
Bid<fi(|til J i i i i « t 1^4| Bala], was flialBiF, 1IV71| sia«!^ moA <lUi, 1^9| 
Orr af»f Morasff 1978^ Tvaioa aatf Kwaur, Ii7lly]g79| Sttataafar j ^ fiJL«, 
I979| Binsti aad Tttyafl, 3089}« f l i^a mtm aim vayarta ttiat voot» 
ieiiot lafaatioa OHata atooat l a tlia iliaiiai iMlt%ia« aad »aamp«i«ats of i 
w—mA alaaaata* THa ppaaaat atnir aanflnMi aaaa of tiw atiava 
flnAlaga. ta wmmmML aa i i , tha Aatlatloa ia tlia aarptielagf aoA 
aaaaitr«aaatt of vaaatl alaaaatt tiaa Unm iMPalbaaA* flia datlatloa oa 
tha otii«r {Mad i a tti^ i^ava aHiupaatara in aaU aMoiad v l l^ aata aaka 
la aaagrein a i l tba traatatnta Cmtila t» f i t * 3)* 
I 
fHa UlfPfttapa pavtalali^ to tlia baoaflolal affaat of oll*aakaa| 
\ l a diaaaaa afgiaad bf aaaatadaa ta caawral aad foa%»lBiat in aartlaaUr 
b^ 
(SimH meA SitftPMttla^ ISM^ Wtm^ Wf% IfHi H M J I i | . t l^^t 
1073, 1974% X9y«i| XlM% 1M», l;i9t| ia«^ IIW) «nl qa ytmti i le 
fttiigl (fiftv r^ ms& Pu§mwim9^ i t i» , lilftl« l;»S3| Umi9^ moA Pi^vliat, 
19713^ 1 Sliigll, %m%% i^lMiJl jaUf l£»74)ti If 111 «9iyiWMl»«A« ilitlioisgb 
ifltti oU oftlc«« for ii«Mt«iid« «diitF^ ! • oMt9«p tt»uE» a«D«tlot«!M* 
Douilitt ««r«| tMMMftr, inifr«»i«i t^ y siisf^ ani aitiu*wMti^ ClfTS) ftai 
?h»faft j | gl^^ (vni) « ^ elftiii«d that tlm «iii!»it<»iiU9!i of oll*oftk»« 
{fi4 not 9mvld« favQfii7«bl« «ott«i>«tu^a ^iitlo* 4tt«imi%i voro, tlioro-
f^?«i <!ly»«t*4 In this lat»»?««»iv uliwfo tho f?f *«at yofit hat bo«» 
oorrlad out to d«vi's«» ^@t^ »«ts to fartliMP r«<it}9o l^e ftoat ti3¥olv«iS In 
tlio aiiDXioatloii of oU oalE# f^ a€»fcod# ©onfeyol. siiigli ( I t i l ) f»«ii(i 
tfi'at tp^atliif !%• sofldt id Hi oU mmn «!«¥• pfoir«c! to i>« off^otlvii* 
'^&n (10761 ropoft^ i^  %hm% ili^flug of towito foott in oi l onleo t^i^aots 
woi*» alfio @ff«ettv« f&f iii8»to€« aont»>l« 
%« woTk as i?^oFt«i bir Chan Cloo oitod) wa» s^astw-^ od 'sA^ 
sofi® variation to flnf oat nfenttt-'i* ilp^li^ t» off^otiv* on ofgplafit 
or fiot* THo ^ t a at nirwi In lfti»l« ^^ i Tit* S»9| A^pf anitx If ol^arlr 
d«RO.i!iatrato tfiat ^«i»o Hat i»«4m mm tasraana tn lAaiit fvewthf roiuo* 
tioa in laffai 9»i9«a,ation anfl root»k!iot tf»l«Ri« wliafi roots of off* 
plant aarliar iiopoS ia laitar •o|iiS»l# fi*aotioa of fcmr oil oalroa 
for ttupoo ilitarvala ivivo ^mn iaooitlat«(S tittte root^lmot ii«Mtod«» 
Out of th« four oil eakot toatoi ^oat raaalta liara hem obtaiBii in 
nooM foilovoA br aaalw, frwmiflBt ani nalna aalmi» l^rtliav tlia 
•ootantratioa of imtar a^^^la ftnoHona of oil aafcoa and ttia mtm* 
tion of t^mittra liaa a fioftwiiid offott* 
\ 
.9 9 00 
fh9m9 flnStiigt Ha?* «8t«2>lif^«A H f^oiMl m^ «tiiii#v of ^mtbt 
titmt yoot <li9 in iMt«r t o l i ^ i * fk^otloos of o i l a«kos i t «• offnoliiro 
«9 asieridiiiff tMm mil -^tli (^l 9«lMig« !loiiiiiv«p, in tli« t^wm^ tho 
00St of o^ioft t ioi i Is diPAotioaUr pottsood* 1% ^imil^ bo mtt^ttmim 
to osaaiiio « ^ ^ o r «ti« pv#t«»% otaaios ulilc^ novo botn oorvioA out 
in i»ot «!S9«riniNEit9 mn bo ts'^ oraio^ to f i ^ d oi* not* 'l>flc in thi t 
diroetion is In |iiH»gro«s in th i t iobopatoty* 
I t #^tyai<! «lffO 'be w r t i i ^ i l o to t^ ^st th# offoot of ooiapottsSf 
vitifei asaiiyaohtiti, aai^iToiio, aiotiiFaaiono, tsiliiintnoif iiiitbi^ini% 
nii^ini niiisi^io aeld am! oaiaiftn th^t hairo ^#ifii iaolntodl fron aooB 
•#o5» CTfiaicaF j&A»f 35181) inaivi#»sa31r »!^ ia «ti^for«nt <^iiiibinatio% 
In of^ty to flnS cmt wtiiefi of ^m «at a« a Bfohiliiti^a an^ «*iioH 
firoYi^oa ro«i»tan9o to Dinnto, afolast onil.a!»#it of naiKitotSo atUoie* 





of oaatpal of ms»HtM f ^ t ffol of hemw wttii •!>«»« ooffM 
Ala©, '?• % (1176), ^fftfilQ A!««?*li?!@!ita la ^©letton t i ntnatod^t* 
»tirplaiit ami o'lll l l anS fch^r ri.iaSiipt,l'3i.llty to attack by 
Anot)Sfmn9 (1*568), :^i>lneipl#t of pl&iit ajia anlsni p®tt e->atfoX« 
itol» IV. Control of plant-^afaaltle nasafeodo*. tut* q^ft!^ -
jmoajriMmf (lf7l.} | AotivlX«|feav«paiaf, 1^X« i^ ^ iEfttaiit> Latiaboiiy| 
AIl«i, M* *4 azvl A* n» fiigfanU (I3l8i)t l*lant iMnatologf la 
OaliaiRila, g^iif> ifSlAii i 2 * ^^ 
Aptf V« 1, and % KOllea (l.9(lt)t t%tliOf«iiloltr of SlAfillSftSZai 
0^ 
iilMi, II* Wm iXnB)t l««poiif« of itffp|«fiit s««8tliift ta vool*lnset 
3aJE.«r, ! • ggv^ - • **« %sti U*i6*Sis 'feiol^ isy ^*' ^luat ^t*i<M®a« in soil* 
»f • poot»w>t mf wlmtm ^m% in nmkth '*r««t*«ir«i ^ta?!©, 
til ooa^tBAtion of ^XtllliULlSB ^^^fawfj on grovtb of f ippif* 
S«»«otott, 9« ! • (1971) f OoMBopts of ii«i»lodo»fHiaf;n» ootool«Uoiit i l l 
Ob 
9t^ of flane 9i£l« iiiid abnonMOl JOPIMI in root gillf liioit«ll 
IT I I tin! 1 * ^is*'^* 
t^mtiiiiiftr« A,, % c, Trivwii «n1 #^ t i» i l Cli?8}i Contfol of root-
knot a^ natoiSo on okrm W tHt appiioaUati of «ist«r toltiliio 
fi^otimis of oU<»8iikog to toll I Ao .^ l^t. laltaf £ t lsa<»lS9» 
'^ lye'iflfltWi % (1^65)1 '!09t*para»lto eolations a.'ii fiost rsag© 
tfe««l#8 Of a mi^ niifL9S.Aq^m,^ «p. In Sotith^rn •f.f^ .A, 
•Uri, .i, ,^ (X'K?i)t Ttj® nl.tfatt»aetti?« un^ hlntonhmtatrf of ii«RAtodo 
i l i^ , .\» ^. (196^)1 ?h« tn'-'ua^smt of ^mt mlln of ^'nloUosmm 
•^ lf«^  A, *. (1*172 )i iti«nttt«tiv« stvidl^t oil tho fwmtfi of uraojrtlo 
IrHueod la plant* W yoot..lQiot ti«»to«o<i, Iula f, ^ff i l te l* 
t t li7^70, 
Sifd| A. F. (lL«lf3)i Ol>fl4»vv«tioiii on etiF9no«o»o« •ma fmolooli In 
Slfi , A, n <lf?4)i Plant Tmfpmm% to 7eot«4aiot atmitodo. iaaJbttlill 





'^ «">11«i '?« % iX'i^U '^ athofffwtoltsp of o«rtftla paratttte nnwatoslti 
on ootton •#»«!^liafi m^ th^iiT i**! tioswhlp to ii©st-«ffl<«»rffii<j« 
'^ •rcHt©! •^ » 1. and ^^4 '•» '^'(mprnv tinfm)t halation of pamtlt io fi«Mitod«t 
iiiay liolnts to a»if«lopi?»€ait of b»tfc#i» at^ .1 oh«»9«i» oontfols, 
Cftrt«y, H« '4i Q» "^^ ^«i^ *»«o!i must l . J« ^fT^m Cli?7>i i^Haa^»intit 
of IfiyMUlitt ^l^ ^f to»ato tjy ^ilSillSOm -iMSI^ti* «^>«* 
A«»y. Ptertoii^  Jon. 4 I IfH* 
Cliiuibfm» % S,f A* s* siatm wid l , f^ iagli (ld?9)i WAatdogw^ 
iaaatttt^ aaS MlLfftlttala MUMSL* tat«fmotioa da Okm. 
X , 
ii«MitodM, ISilJtiaiiai *1W« ^^ « '^^ HAttsro of r««ta««iiQ« in 
pl«a«t to ro9t*ia0t» frtttt MtililffilMt fgi> JUli*f £»i2» ^ * 
of i m ^ l U l ^ ^ ili.^ ltt-ftlir^ «5^ th« root lo«loa n«B»to<Jo, 
f!onp« ,^ ?• 'T# aaa l* -T, C.f*»»n, -Ty^  Cll?4)t tiit#wietl«>n« of P5«HS-knot 
Soop.®y, -^  % wxi 1, i» 3f«>ai* iX^m}% Coi'r#iatli5n b«t««« 7q[«>.fltHB 
ntlt tfiil0iig of mttom vapl«tt«t i#lt^ moWImot a^ \^ l^i ttitif, 
n«iatodoi at proaispoalaf as«ati(4bifcr.). BfltiaaalMjaQt ait«» 
Coop«r« M» i , «ndi % s« Sfodio (ifl^)! A 9om/mvl9on of ?t|aftrt,mi| n u t 
lntll9«t of ooiloii miiotiot wltti fooMmol &»! tttnf iiiMatoA«t 
Caatfol. of «MiHii^ «r v i i t in flftot liimoo, n« f)iotort fftfofwlaf 
iafo«iloa of ya^yJi^ oaya^yt^, f« 19^  A M a w t t m '^w*^  * ^ 
V 
'V , / 
89 
in wooU of "^nojal ani toMito laf#ot«A Dgr I!|fljkli8fleai 
(UlElialA i#«!i««iid^ Viil«hi), tiif«ot«4 ^m ttOFm si»««l«i 
Davit, % A, Qw! 4^ H. f€«ikini (I.>«i1t -'ff^ Mit of ^^ jBifiMSiaaii P^iJ* 
pwmtnm «^ ali i '^ a«» 3. CA^ta',). ,w<?TOt,tl^ ti9g 53 «"^^s. 
o«aa as aff'^ otwi 'J^  oi»sfanlo ai^ l nta^r'al i*!5»ll ttB«*lR«it«. 
I>aykl!i, M. i» anal D. M. ')«as«ii (l^ TT?) i Int«ir«otlo!S of P|jytot>titiQi'i^  
V 
»• SQMI^ P, (197S)I A <!ls«ft«« ooaplox of ooffoo Involvliif 
]H«kia«oii, c, % and Cp«it«, i , n» (inf74)i th« lafluanoo of toaAltiit 
«f• ana a«v«l«pii«it on tti« tafootion of lottnoo tsf E^MlUl 
^\} 
Dropklo « •• H« (l^ Wl9)t C!«lltila7 F«tt(»iMiii« 9f i^lantt to AiwiliKStt 
T^Ukmt n«»ft«o<i# fiif««tt-^fit la ««r!i«fltat. ?!KrlffiiftWifllgir* 
o«»tela fanfl on th« frts-rfth of tcyiitu^ a**, iQ|| Xafe» s^yai* 
air? m,igi,ttaialA S^lmsl ^^ «fei on ttsu ton to lil&nta^ (Absty.). 
mirm, ••:, a?*1 '• .» ^«lj«« Ci'VH"^  i f?itiiri»«latlomihiti of tiotate 
foot mm^mrm^ M%.i^MSk ?r2i1f ,^ani,««ij| '*5ll.f JUjaSJMU 
•Smb, on fifo%fth of tons to ^ioat* ^fearf 2^t 419^I4» 
^^iwwlt, T. K, ana #• ». ml (l<l<^)i %ij«lat1.on li»eF«a»« of 
^ »in*tri^ff| in «lfMft and e«l«iT root* tafoet t#tth 
root-kaot aMitod* iBf««t#S pmny wot. mrtWitfWiWK 
fivwNit *^ (1^9) • THo aaato^r of a fool iraii of IdCiUlttllflMI 
\ , 
" ,^. 
ClilKJ)i i^ts -^^ ii*!!!; of j^[^ -ioi!!if«»it|f i|i^|.iif into roafli io»oii f«odir 
root* -311?! ifi soll^ 118^ . I t t 9«il- tlon to ^taritia In l^« foofes* 
1. i^mTf n» jr. i«Bf«a, c. M. M« ^»tfc, '^i» w ntwh mOi ,^ s, 
^cnr Cl^Dt "^ stliB&ttiA mmp l&mm ^U9 %o plant pmtmwl^w 
Folioini, !!• (t9mU i^ tti^ iot of Qiirtftta foU 9^««« <9f ttio ^mt 
liOc*-*!]. pPoHwi* l^ldai&IIUIIttBt M * 1^ 9* 
Formt, s« «»« i» tmr (10H)$ fhm tatwmotton of fntr olaat iMtr** 
t t t i o noMito^ot Ofil »ito>!i»iiM oMrooftgttM f« to* aiantlit on 
fwfm^ K % moAn^ % (SHtUmMm imm)% iio«t-tftr««it« rAatioii-. 
02 
|}0<l«rot of pm BBt, Mytoimfctial< i^f H i a?l9«83i» 
Ciaffftt, »^ D, Ci"iSS)i "^9lmf of foot laf^ttJif fttnfl# tTnlv» iv^ttf 
Garr»fe, 3. 0, Cl'>65)i f®«iiKr^ « Molofi«jal ©oatpol, la rEti» oooioisr 
shtw of iHiot»lEnot nmmtfi^m to th» (S«vi&»Dii«nt of f ^ a r t ^ wtlt 
of »t99t9otato CA!»ttr.). ^yl^ ffia t^Miftiy M » ^^» 
§111, O. I*. (m«^)t lff«at of Foot*lcnot aiimi!Jo«#» ois ^ f » r i ^ ullt 
Otiftffari Wf % A* 3«iti^«p aai 0. c. l^ mlii (20fl»)« Kff«ot of 
opfaaio aMnSatfits on •ifviH.tgr of i^gGBBJMiBft ^^^ 'o^ of 
Qiiotte«i A. ^ ii« «iiA It. t^ omt (l.i7t)i i¥«pmrfttii»i of ipldimal 
poidLt fro* IwvM of granMWM Ir teP«i%iB«it idlli luit 60C 
mQ^ Stein TooHaoI, 4flP i 39»»9M. 
Qoi4«i, «^ %• aal % »• tta Osaiy, (]snr9)t ZnflVMMo of ||» tiiai>«tii> 
. • ' - - " - ^•" • - ^ d 
mi 900% v«% ^ cvt&i^ttMit w % MiAai and ipiAii.^i>tf—ia ^ffff***^ffi I 
I n teODsato* i^ ^mmtA\^ ^ 1 t a t * 
t 
OoldtOt ^« i« aiVl B, D* fa i l mc^ ( l ^ S ) l 4 (t t9«M« Q9«A«S o f OkM 
•o i l iaiuibttladr ftnipii^ M J I t f i s a l i lBlMi# ISIlJHBMLJMLia 
rk5« (^iasl, i« ^ ansa •^, snoro^ (U71.>t ^ftmt af ail«««ic# «i«n<!«S to l l 
<?a til® grfswtfs of tcMssto mtA wootmkxmt at»«t«Kl« fwiptlatl'^a* 
.rnt«MPii«ti»ii»iiip of nfi^^tuwm UamaXsm ^^ mim^^ma^ 
Cioti«ad, % X., B, ?, singli, !». ?*, s«th and J. it, acipta (lfTO>| 
H i {!l»fOi<9 ma^ ^ l i o t ^ ^ ) <mitii»o^, ]IM0 «rid g^ j juyt l^ 
>i^<^i|r "^ a^ o* la %rta|«l. (^^jj^MSm itfiffllfilli ^v^* ?»^ i^ 
If 
0»altti«», ^. «ii« «• H. «. Clam (19«I) t t»t«ra«tl«!i of MlM%ml>i 
•aa 9otat»MPoot oilifofa* jglK^ BSllllil J> S * lSXpl3t» 




s^ ssfsl!»% SJSSSU J ^ I ^ ^ ^ f * 2S£l» ^UlaM IMS» ISU M « S^3S« 
felitwun, •;?» ?.,, ««id ?, -i, ^^m^mm (19«l4'?i i'"*^t ©f %li« •tlisf !t«i8ftl«ii# 
Aft mi an flav«m#i€ «<Mi%iiit msk^ wm\%^Mm% of ootteea !.«»•«• to 
y<rM<AUitiii w i l t , atSIIMMi JPMil. SMiS^ t f Isa^lM, 
i^ii«B<f "• % (ii^t»>i 'i»«i pii«»tt# riitttiiHM^tiw of «i}« fooi»a»»« 




o«itc«l W 990% knot aMHitod«| f^ p^t^ oaryif^  liXHUflM 
»llWI«lWlttI& at * 4Vf^4B§* 
on toll bomt iil«at 9a%ti<9i«nt« %rto»ii»fclkAoy ^ i 91I-S6. 
plant ^rftsitie n«8»t©i#« on fUgayina ^rf wjot »ot of hmn9» 
TbrahlB, T. % A^  ana '!• t. M»ifo«<^  Cl'^4) | 0«?#lotii«iit sanH i>tttho» 
i?«i#^lf f^f a i^t-k?»t n«!»toa«, **tlff|<if^ Taf IsiiQlSi* S^aiU 
Tbpahlfi, I. A,, t, !!U :A# t!»palil» mna *«• A. i^jli (l^?ti)t ?lioit-p«T«sifc« 
Fi&iiUoactiip of j|» ii^ gQgj^ td (Kiofoi^  A iiiit«) Chitmod cm i*ieo« 
Xmiftki, '^ « ftni !i, t« %ii«|l (2j»d»}i i!inii«iio« of root IMIOII 
ti«Kto<lo on Diaoli«»ili«ik uraptoK ^ov«loi»i«ifit in fluo oar«l 
latwftt, H* H«, Q, i»«nNitt% », VlitiM onA A. e«t«p« (Id^)t 




fmgi in til* wfmmm* of Iw^tm a«Ml94«t la ci«iPilft« 
TlitlffltflilH I t t * i^M^IM* 
fttffM, % *« attft Wa ?, mH (lJl?t)# <lwii#lli F«to«fcleii of •ml^ • • • 5 -
at iiio<3iil^ t^ifm» j | ^ !?M«&tolji«r Ji^ ^ i 10W168* 
MwmWf % h* {V^m)i ^ffoet of tH«» mm%t^ fiiiiipis of t»F<««n wjot-wit 
of fco»atoof on tft«i liafeefe of t»j# tjoti^ feo fool o^ lwiEipati 
J»!iklnS| 4 % aw! % -l. a i^n»»»a (19.'57)i th« »ff»ot of ?oot-k!»t 
.ToHiwora, iJ. ,'^  (1940)« l.ant »lerofc«ehfilf|tt«. ^^or^raw'?lll '^k^ ok Co«» 
"«*f fork I St3» 
Jblififoii, !,• F, (1961) t if foot of m^Mtifin of offarde af55«alii«ifcs to 
tiio toi l on root*laaot of towttoot If. ^tlatian of mlX t«n» 
^^miaat A« % anS % H. Lt t^a l i (I0«r9)t iffoat of M^^aogini^ 
iafl^—i%y |{» i n t o «»S Jli i j i iy^H o» til* tovarttar of 
Jolmsoa, 4, w, aad lu !i« idttraiLi <Wfm% Pa t^ ton lo l^ of HMSR 
Jrt iWl l iMi l l i ^ AfrMatlie«» ia oeiMttfd laMUlatiiHif wltli 
^^*ftTT***TlJl liflifftitiilliHl ov ^^.^tfoMw^ llHtffiltli' 
u7 
JiMiw, M* §• K» Mii ?• H, i^pttfhiii ivim)* Q^nsHasf tAtmrnUmm 
H:aifa{mra, T. axia K, ?-!lrario Cil6f?)t •'•jfc«di®« on the ooi^^x «llt«of« 
oaui«3 ^ miot^kimt nmmto^^ ant ftoaaptt^ y v l l t f^iaptt in 
tomato »««f!lla^a# !• 0#^®lot>ii^t of tifllt afHralsoaii ai¥5 
«llff«!»(iO«« In iSl!?«a»» laeldiKif!© in feoiKito imFiott9t« 2ffl5ll» 
IQ»iEi«i?a, t« and K. ^flrwio (1^«8)« •'^ feitiiiw on tfio eowplax dl'?#a«!«. 
oausad %qr fooWSniot !i«iMito«Sa aiy! f^aagiii^ m i t f^ inims ta tORato 
•o«aitiif«* If» ^r^ata of lfif#etioii aaaooiataS wttli ^iaaata 
iiio|4i«iioa» tMk* ^^SUkX^ %«» IS£]^ <^.il#* ^StAb ^ ^ i ^'^^^ 
KtMiiri A. i . , A« &• Sal««i aiii ! • A* c t^aifft (IfTiDt livtaiai aoM^* 
tllilXitr mafi ali!iilflaaiMa af f<iHlf(»r» aanatoda lotaniiiaHttliia 
l^aa, A, ti» (]9«i)t t^isdiaa on i^mkt paraaitia aaaatadaa aaaoolatad 
mi^ vagalAUa ai«|ia la tlttat PvatSaali* f l a i l faaH* lapirW 
V 
h O U8 
PpdjMt lib* J(7e»»05t Botoflr lOi^tUt A«M«9,9 l l l f t i l l f laAU* 
SliAiii A« tf« (2J76)| Ooii€ff0l of dit«&«M «aiii«a lir ttimtodiM br <^« 
«|i|d.le«Uoii of oU oi^o m»aaae—m Final T«oli, import* ili«-4{IO 
KHaii^  j'i* v.* (19^1)t '-«rfe«lfi Hotl« fa«t<^s laflniaioliif f&thoffwalotty 
Khan, iU M^ , A, ^tiaiRlt % U^ 3l.idl«il a!0 ^. K* 'imxmm. ClBm) i R'Toot 
'^ f <!lff«i««iit otloakoi ^n htktehtm of larv»« »n«! on tho tfwviiloi** 
o i l Qftlcft «ai«ni»«iit« on n9iiiatod«i ant fimfl tn toaate fl«i^« 
Ktiaa, M« «4, 4* H« m»n meA s* IC« S«X«BHI (19741})t >^io«pli«ro ftmfl 
ftaa ntaato^M of OKgDiAiit a« tafIa«fio«d by oUmieo o»«aiiei4«itt« 
»Ma, »• I4t A« N* XHaa aal i« S, S A M M (197t)i Sttfproidtoaa of 
^tofUmgtts iiiMMtoSot WBA oorUia f^mcl In ttio iMiMpliiMro of 
•kr* duo to •tloAko «a«iSii«Q«t. Affli ^W M l M t« ^i'-*** 
lli«i« If* i4t N* tf. Ai«% 4. If, mm «wl ^. I* iAximi Cli74A)tlffoet 
of iNi%«p oolublo f)motl<mf of oU oatiot and blt t tr prlnelflea 
V 
u9 
of mmm oa mm f^ amgl tm^ nmmUA^ J^gli M%9 IMHi 2 • 
lcl«MtfL« ^.y K» 0«))i«t sad B* ^ SMMraiA il^m) t tti« •ff«et of 
aatlvttl#« a'*f«wst«d[ in '^mii^tiil aontr^l of odttoa «K>t»rot« 
l?ost<9f% !>• a!i«? -T» ?t«!^all (l?>30)i Cytoloty of fi«iiato<!« f?«3lli on 
-?tooti^Kiii i»oott« jsaaiE* iftidtiisial* i l « ^«5»ti. 
n«M&i.tod€MI t o t h « POPtO I^ lOO V W l O t ^ Of ^IW««t|>OtatSO# 
wi^ ffit^roorfaisiffiMi* *'aaot»lgHo% ii«Bato<f«M (lf«lfliaeainia t u t e t t ) 
fffllWM^tnit, l^ffiXffigy,flffiff,,l»ilfal% o^iKSomio I¥«M» !l«f TOPIC. 
378«998. 
ttmoff B. t2^0i)t AppltottUoii of oftttor 9<NWOO aafl orofipliif of ofttter 
b««i to •oi l %o roJttoo ii«H«e^o f09<ilatlofi« IT,,, M i , nmt^* 
Xiilmp4| 0* moA If* F* Mftt (ll97#)i Tiiflii«R<so of Mifl^ fti^ gwi^  l,^M»«qite oa 
tho • o w i t r of HlMrtiT Hilt of tOMito «t oontPoUodl tuMNRana 




m cif ^m lt)8^# i s 
Wk'* 
Ul t f ^ l ^ t W* « • ! ^» ^iWI •«« ^» *<• «t tV«l f* C l t i i ) l i«flft0til»ll 0 f K l i t 
Utlr ia i , ». % iX^B)M Cillalur r^i^iB*^ ef WMmm iJfiillHttl 
•mils a»! t!t« fliil^ af ti^lnfll in ni«&totl»i infmnt^ mil* 
nmm^Mim ^ tli« «lipv«l0pitt«iit of f^aay^i^ u l l t in o^ttaii, 
isr ««it i 
' ""^  " •Mu 
arid 
Midl«!»3«i| P« u and It. T» Povtil (l<9€9)t HittolottMi/iilisrsiologtMl 
i!ifln«Ri9«9 of Po©t-i«iofc mmmtfi^m liifmotion on ^»i««yiiiii wilt 
4«v«i09»«nt m fTti»»attr«a toteooe CAb«tr,), ^%yteiMitliologr 
« 10^« 
\. 
'Tf 9««ailnc' a'-:« to '-lii^ l^opoiftnt of J^taijm lllJfelmB on ^--ots of 
'•^ anes^ s, :'^ « an»;3 :• >aliB-'»r Cl'"»74)j t^-ifly af T'i5if...tli-»a8*slps b«?tT#e«n 
t^aaylt^ an ootton on'l SOB* non»9«i»eeptlbl« tsosta liAfclally 
«rrown la ih® pr^ -^»««ie@ of ii««totl®s. HIOMa^liila A » iO»lS« 
niohfll , % "% and % % %tf«Al (l**73)t tnfltiwue® of Pi»atertaiMliiiia 
?nritflf1MnH ^n t!i« tnflWanoa of Igjailsai i*llt ia ootteiu 
Milla^f % A. (X?l^)t Connoii aeab of ootatoaa. Aaii^  A»B1. liitA, 
jy^  I 70ii4!HI* 
HtUap, €• n, (19€R)t Iiit;«r««Hon of MAoidtm^ iawanJoa aaA 
\ 
\ V 
JL u h> 
MUl«»y If* If. (l<iM)t tntmmmti^m of iMNMit9d«t «f^  o%(i«r ylaiift 
l»«<^t«if* loAiL I^ EM SSi* Bft& S i * Umik M* 91>^^S* 
tfiU«ff, '^ ^ H« (I.9T8)t Iffftot of tc^ baeeo <i7tt tkmm.t4sAm ^wftmoAm^ 
tSSSSasm <^ 9«v«Pllr of VfP^oliliiMi and y f^pf^ iiB iftXt of 
toii&«o. teliiftiaffiltg M » »3^^ 
'Hilton, t . .:U aaJ C. ^. -Dftolcsoa Cll67)s Tnimilon of powwt no l^t ^ 
.'•^ew^llliiil flmtm and stti^^ f^ .mfl la 0F«»«!ie« of iwjt*te»t 
n#maeo':loa (.4b9tr«)« ^^^^ t^oloeJoji* jy| x J.4^ « 
^nntoni, *'. ?.,, D. K. 3^1 and i . 1 ,^ Dwipnllc {V^m)^ ^aanat i>o« 
lwm*\m \sy AlBtrBUIiaff JOLSOBIft ia t^« pi-^aoae* of ^gMggTat 
I 
Hit»iM, B« D« anS 3« u "^ TAMA (I973}i ^ffoot of vat^r oxtraets of 
oU aoai oakoa oa tlia sadond staf• larmo of M^LtfiftSeBt 
iMtrr^lfll i^ ^ tlittmmt aonaoatratloaa msA oxpocopo tlsaa* 
Hiaiira^ s* !>• md s, K* Prasad <i9^)t if foot of •oil aaanAniata oft 
nanatodo andi wa^ yialKli t , oUaaai aalcaa, oviftale «it«or« 
tmrmsA^ fme^Xiwmm and tronVi vogmait^i oa iMMtwIat 
Iu3 
of potatoM (Abstr.). l%|flittiil^Iffiia M » 401. 
i%imtala, ^^  r^« aix! -r. *i, Sanifaiet (13S6)i 'Th® aatoelafciaa of 
Mgltff lAa asHiML ^»5 afumtoa©! ia a root-rot of wlnfeor whoat 
Hountain, -.4 '^ ^ aril ''. D. mKmmi Ci'"i« )^i Tfit^raotlon of y<iyttallltma 
iVaaly D* C* (lt94)i ?ha ranlfoiHs i)«Rato<l« and I t t i»^ ttontlii^f to 
tlio iiiQi<l«iiQ« of l^aayitifi wilt of ootton at Baton %at« 
itiMMy s* (1910)1 ntm» fmbim <!ar Hafnioliliuia saovoFgnsfa waA aadaraj 
^ o l o g i t ^ « l¥mfiP, 7X, flilkirolia ^aaaaMlliB la nmi^fmadktffm.\ 
.y 
Iu4 
/ fttftuoif km @« (I98i>f fti« ii»9idiii9« of fmmm ditms* of tmmm. la 
tHo prof«iieo of roo«»{iiKil moA immifiiis mmmtoAm i^MMMOM 
fioguifft, CI* 51. (l^TDi *B»« ifjfiti«in-ao of HiiftllaBoni itmMM oa 
ftisaHo«i« of totmeeo 9«iifoA >)f ^a^ylii^ fty^ttipgai^ f• S!>« 
^mlftSsui* /ri^mffli Ici^^Uny. IL > mu^iM. 
.^ JX* II2C1* HJSki* -X2S» "^ *^ .'lis* 
"i^vall, •. '% a?j1 .;. .,, tla l^urr! ( l ^ f ) : "*h« «i»'"'"^ t of ^lant afe oil 
oithof, T, »!. ii. •»! A. A. %wm {v^m)t n-fmt of ^tin,OTStei 
oanatfftqf OH TiiytiotlitiM wilt of p«90«v (Abttr*)* !• ifawitoi^ 
• —"^•'^•^•"^^^^ •^^(^^•^••••^^^^^^^^^^^^^^^^^w^ip •" WHF^ • • • • • • • • • • • • • • • • • • I P " 
Orion, D. wyf "fottflp, 9« ( l ^ l ) t <iaiip»o»fi^ # offoet of «»»• foot«teiot 
fionatoio on Bttidlil ^^It of of nttttc i^Aont. t o w laaatQi. 
j B&fgkam niott tci Mfiaida.f!yi» tncwigaltft Aiaeilft Jill t 4i*SS» 
^alaspPi •',. T, ttj^ D, % Ma«Don«a4 C1T74)I Int^raetlon of i»^ aMPltiiB 
»pp» a-Td e«rtaln y»ltint piMpaalftlo ni^ =ato«1«« on, mklm^m 
''apavisis, •-• f^ , (Xme)t 'Holofl'ml w t^ho^ fti f^r t'^ a f^ -inepol of olant 
?1t9«BS«t# '^ af«i« S -^iM In »«tt oontwil l!»f ohwloaif Bloiofleal, 
'^«a«%ta mn6 %3r«iQal mmn» - A '^yispotlttii. n.n, Da^t. Af?rlo. 
A^ 33»aJL0, II,* ,^ Oov%, 5*Pliiit« Ofe., '%iil}lntton, D»C. 
^atPlek, Zm A« and T, A. VMtaoutt {11«S)i naat raalduaa arvi ori>ftfi£e 
aeiaiiiiiaiits in ralatioii to Molofieal oontfoi. In "loologjr of ; 
•o i l boraa 9l«iit f^thotaM" (lMi« K« t» Bakar ami % c, angrdar) 
T?iilv« of California l¥«aa, 9«nc«iL«r, Ciilia»ri!ia, 
{•inltoat H« 1. am 1* ^ Ugbattr (I970), Oiant aall fBrMatlon in 
I toaato voota aantaS %r SlIMdttSZBt <in«»«»^^ and MAftt<if>g»nf 
\ I 
\ / 




Ptrrrt «^ «^ ( l^ l> t th« lat^Muitloii of £• dKtSfilH f • JMiUl£i9lm | 
an^ MAo^doamf tpp, on eotton* ff«»iff|»it3Ltf| Hrw« <rfmtf>C6th) 
•j 
Ptl lai , . "I. «i*3 *i, f. D««at (1176)1 '•?aiiaaelcat<*oftlt« on th« eontpol 
af root-knot n«»toio. I^ iyt^ an T. l^ool. ? a ^ ^ . f i U-.17. 
?lteh!^, 1, '^ . Cll61)t %»!« of ^ant oaratltlo n«»afco<S«a la bae«Pial 
•'tteh^fp, '••:» "» Cl'»8*%)t lTitifTia.attoTi»'il?it of n«iflmto«!aa arel othwr 
pafiorrens f,f plants. J^iall2ill« MH^ Wk « ^5^* 
^^olyehi-onopoulos, A. % (197051 :;^f««t --^ f ';:^ I|-:>3?,!?^ ,ffl^ i f^<a^Ul, Qt'^ ag 
^ i^s* i^ ilBli» lUffik ^^ f^flHil^ M 2«ilfili IU> 1 s Xm.333, 
Poljrolironopottlos, A. a., i , i« iioustan and B« ?» iiOiRiab«pry (ld69)i 
?fiiatpatlon and davtlo^sat of %|y?tl^aJLi JSOASL In iniai^aat 
aaaAltatt tafaot^ with IsJUSMiSA «^a#i^!J|. Pttytonattielogy 
H»%m^ K >«• sBi !• T, Foviil (I'M!?)! taflw#ana of ei^taln 





oth^s* <91s«ft«« WMtliMr »f<«ltt« ^1« IX* 9* U9*136 l a B* H. 
i^vti.lt '^* '^^ ^^ ^ *^ '^ * ^tt»«ii» (lias)I tti* •ffi>ot of foot-knot 
fi-WMtod* r©flatafi'*« oa th« Inotd^ne© of lilaek tfittnlr of tjobaeoo. 
mmnXm. In fl«»-<8nf <«d tobaeeo, '^ytfto-tholegy ^ t n'nm^m 
ImgH^ll^ on t^ |g?ffi!iq?lli TtaoUmt In tnhmm tmnt^^) 
•''o¥«ll, *^  T. air! c. K, '"^ ftttsfi (1^^}« nopi^ |.«x»s In tobacco tmwlvlas 
PoviiLl« It* f«y ?• W HA«nd«a ftfii C, K, Sattta (X1«7I)f ]>i««ft8« 
«o«p&iK*« la %ob«e«o iavolvinf MaittldaairB* inoogMt^ mx& 
••rtaia •oU-^om* ftiagl. ftirlgBftttWlftir £li « 1333-133?. 
PraMd« s* E« (X964)i ff«Mtoa« a aarlmit ii«iiae« to afpioalfciira* 
n i n l Pwili Mlw i t * s^^ -^^ a?* 
to 4«M«« f i M voot««i% of •ttiafi»««i, ^ jUi a^» Jas» ^f^ 
l ^ Q 
ub 
IgfjUnil^ * jyi I i04k606» 
tnfliena on %ti« ••viMPt^ of •••Sltnt blliilit of rtoo* QSUZ* ISi» i 
4[jp t 6flT«iiilWHI« 
*l«ri»l-'ii, "A H. «n(! n^ % nmnmn (V*9f\t Hh j^footegiia dttiMit* of 
ootton In ur!»««»«• or aU««fi«i» of th« ootton foot-icnofe nowato*!* • 
m AHaoi». JSdaiMliSlSaftSI J2. * " ^ - ^ i * 
ittfflo, ^. T, en?-?)! l^ touatftoio^ of ?^n i^ tiot»tgwiMi ^etoi^eoFrhl-
aft« inf90taa ^ ^ & 'M9t<ltmit si>* "^^l^im.^^lffi.g £1 * 
^o!san| T. (i^€l)t "^atho^an^rtlty o? fl--.'# lialat«?i '^ f root»knot nma-
Both, ^^ (117B)| Th« 3r5l« Q? ;'"¥atyl«aiehm iii«ol#8 In th« root of d«nt 
OOTO in lat« i^ason. .QJEU ,ftitr.»„Ilt« 32^ » 1365-19515. 
HOI^I '^ ^ «n8 Booltir<m''«Af *^ « % ( l ^ ^ l i Copn ptjot rot Is i»t o«as<itf Iqr 
th* lat«raotlon of so«el«t of Mmsim « ^ I5Ci&dLjQ^ai« i!Eafl« 
Iter, *• K. (117?)i Xntorp^atioiuhipt b#feiio«o gilaEaaJBi ffttlfftfllillitlli 
AUS to i l fUafi on tOMito, ^amSSlL* ifJlill* I * t33»t46« 
nrflor, H* V. aad R. ^ Cpttt«»!tB (Il68) | ^«l.attoii«bip of MAaidogwia 
laftftgiiifcft i t t i l i and PJa—adioal^pft by^i^<^f In oabbafo roots* 
ftBTlQliilllglfil JH * 808« 
Iu9 
8*it»«M, If. «• (ifTDf ^^fr«f« m tn« sttKiy of puMMMmw or 
3an«0| n. B« ttid 0. ?• HoltvHinii (ll?0)i Tat«PFA«tloa»(iip9 of 
^©8s®r, .1. \ , »". 1, Lnoas an«! ''?. n. ^w^^ pii Tr, (l^S5)i ?h« y^a* 
tlifMitilp of foot-knot ii*wat(y!#i to blaok^shank F«Kilfta?i«« In 
f^ aywF, '*»# '•*• (1171)1 "'•iofcle tnnii«n«s«?« l:it soil p»nvlraf»«at. Tn « 
% '• Mat an'i 1, A, lho<1»), -i^ a-^ aple ^nfi, *?«# York and 
Solil»3l»r, Am f*f % % "^ttmrnrt a»S '^  '"oi^iluk (lia(l)i A ^aarltm -
n^atoda ooi^ax In earaatlont. ^^Bjl^^^lftfflr M « ^^* 
Satilaiii, »^ mxA B* A« nilmpa (l<l?8)i Xa%«raeUf^ ^atvaan JiA&IJsiKlli 
SotraatffVi If. L. ami T. ?3taUvaa ( l«0 ) i i^aoiaa etiffaranttatlon of 
niMtodaa throofli h»at raaetion In tinm* onlfeara. 1« <!!oiipart* 
I float of SjASd&WOM Mttif Wiltttdogytta tnaoaiittft Inaoaaita 
no 
mod ! • I* ICMvlMMBor i}0Tf)t Oo«isry«iio« of ii«M«o4«»f^»iiB« 
iftt«pm«ttoiit 9& oottoa «i*o>i»ii Coigh«tov«« ® « i i w i ? Ctjitngf^ 
^ t 346WI4a« 
Rh«fl«ft, A« W«, T. K* StuuTMi wafi H« S« ^Infh (1^1) t 01l<Hik«g and 
tavStivt TOTiferol «»ool-fen»t» tngtan ftingi. mrth WtfX» 
? l^nild,a, 7, !f» afj«! % Snayooii (1<I70)| Int«PFi3.aUomtili» of th^ Kiot-
kmt nmmt&i9 mH T?^mf%lm SStkMX ^n «m«Pf«n«« of toitato 
J5hufela, ?• "t, ant! % '^ %)arup Cl'^ ZDt flt',r^ l®f on i»oot«-knofe of vafo-
ta'^^ltf ^t. 'Offset of "d^^tttM! yplfajjj, f l l t ra ta on 
si<!dlqtsl, !• A* and D» ;\ T^lor Cl170)« iliitSopathofanoilg of iplla 
8i(!di(|al, s* A* and 4* !• !^ » c^ tiouso (107i)i fOnBution of phloan In 
th« roots of fitffmniit laaaanfctia Intwet^ with ^AnLdammm 
ilsitfi, u and n, if, s . f la t l (vrnm* ^^mm m MMSmXM 
innh, u an« H. oiu <i9?s). ^«ioio«r of Mil4ftimM tamtJi 
(Traoib 31198) (MfewMid, 104ii in Hibiaai^ JISBI&latt t»iiiii« 
I l l 
/ 
9icF« M«(»s«a ton, i i ini filti !i«lf> ^ • 6««-«7i^ 
aingH, % S» ftfi^ E. '^itar«s*i«h (1071) i Control of veot^imot tHroasd! 
orf^Dle ana lrK»rfAii|o ftiB«iiAtt«(itt of toll, i i f f ^ t of oilotkos 
and Miiitott. IffiilUB It ^fWlt fit ?ilftrt» ii * ^f^^* 
5ln#i, % 3« aiu! Km i^teMUBaiali (l;i73)i Ooatiwl of plant parasitio 
nmmtodmw ytith orfatiio msmiAm«at9 ot aoll* Floal food* H«fit» 
'^J^tm^O .sch«!is«f ^^J-aot %. A"7-CII»9Sn, *?r«nt *lo, Wl. l!V»90i,<iai« 
?smt Univ. Afff* # Taeli»| r f^itnapiPi l»11a i 199# 
Slni*i| '^ » % (V^^Dt *ito''tl»i on lainS iwiaaffaR f^c iiFaetl^# on wtant 
nmmto^m, 'li.B, ?h#slf^ iUiiaS.^ .^ffUi »^ll>IBy:^ .fe^ «, AllCTXtl* 
^Itaraisalahi !^ », 1. «^ ^*ln^ ai*^  1, •% %^l (i;W4h i!ffeet of 
ffixtpsetf a?yi flittlllat«»a ?>f aif»«n<l<ifl toll on th« activity of 
S B I ^ I A« Lm {W4X)t Tha r#afttton of ootton Tarlatiaa to f^aagjt^ 
wilt and poot*ta»t n««ato<!«, ,^ y,lftWI ,^lffigr M » I«^a-Ua7« 
Snlth, A* I.. (1048)} Contfol of ootton i«llt and naaato^as vith a 
•oil ftiKitant. nar^gft^lmy m « ^43.^4?. 
Sal till &» Lm (3dS4)B Baalatanoa to fnaayi<^ mi t and roel^kaot 
niMiatoda in upliA ootton varlatlaa, IHrliaitlMiltgr i l i 338. 
8«ltli| A« L, and jr« B« i>i«k (I96<l)t inliivltaaoa of raalttaaoa to 
BlWrtW 1^>^ ia island and taa lilanA ootton aa aon^llaatoi 
W n«natoaoa uaSny fliia «oni!itlona« giwfciMi^ -*y>f^ ,^fny J|g2t44w4t* 
I 
V 
S K I ^ , i» S» KO^ 14^ fm f^A (]9«€)i lost p«Ni«l%« iPiHatioilslllpt of | 
t 
BwitfiiTt ^9 *^ Atvl % % Samid. <15IS4)t '^ t^eto root oiltfora* t* A 
»«9ii»v of fltaatloii to rmmr^ In pi^irsws. ^BUB* ittlfi» "^ 
JlJii>JI«^ 4* J.t ^^ 
Sri¥aitafa, A, S,, % e. P^naty ani S, ?t«ii (ll^Di Appileatlon of 
orgtinio ai»4iiiimicits f<3r th« control of poot-kiist iMmatodc, 
?!AoidQggnii ittvaniQi|, Laiid^ y J, 3ei- fart^ , H t S03*3QS« 
r,tan*| T, 1-.. (Ii77,)t Tfi» ijinii««fi<^ €» of flildl irstl siorofloi^ f>ii th« 
4?7-48. 
St«B«f«linf, S. (J^ 163>t nm aix#y • «itt«rifllt«f ii#thoa OM vpijl>«v««-
ftt|k« «Biop»f>it t«ir« fi«nfttoi«n tiit nopttit t« ViPiMi<9.«a» 
^toB«P| % !!• (lf«t)i t^« «•• of orgmitlo «B40is#iits &ii& nwm aanarot 
In tilt oontrol of mil betno 9«tlMir«is« !!ttlHII f^ltffltrtflHttl> 
t D,|u ftaA JU ii; ^tiiuioa (]$i73)t iffoot of ffoot-icoot ziMHitodog 
^f BumnAm ^ i t of illit«nNl.oiU Ptertoootteioy j ^ i aa7«a6X* 
•wMOTi 3* Oto W oad R« f• iCriiliiiaMirt^ (IdtDi Oiitofonotio staiiot 
113 
/ 
oa ^«iit falls* n* fli# Ultlopilliol^if of mo »••%• 9t 
Tftudoiii n« % ft!)3 i^ , KStiaftr <1.9^>t dtesormUsos OR hlslologlaol 
i^^ wagoa of a^oami mA«m»mi^ foott inftotftd ultli n^aMnmrnm 
Taf*Soii, % % ana P, ffiiwup iX<^f79)i Hlntolofla*! e*»«n«?«t In 
"^ylor, '^, t#« <W67)i t?i6iw!ii«tlon feci r©«t#aroh on iilAiit nf^ w--fe'Jlofy. 
Taylor, n, 'V (V*76)t '^ l^ tonafchelegy of *^<?lol<aofyi|f » ln?''mff<^  r^Ia 
Taylo?! B. ?, amS T, B, '# l l io (l3S§)i Xntarralattonship of iitiot-lmot 
THalBUP, !W S«, 3« % Siafh and A. (^ aiioad <l98I>t 4aadlffifltifef 
ftioiiaao% f« jr« <l<}afl)i ttia offiot of Iha root*Icnot nasito^o 
H* Umiflll oa ^aelBMero ^aaa wilt, CAbttv)« Bs^msJlMiagt 
4H> * 9KI0 
\ 
\ fiy)«ii« A« e» (1977)i ApvUeatloB of wmioifol lolU M^uito oospoat j 




fl««iil.«?, f^ * (l^tOi)! B«P, Pmta Bot, Q»i, 19. n#mr#riiiMBlt §9-108. 
trtv«ai | ?*• C., A* ahatiMiiar and B» Ti«gl (I078}t Control of Poot» 
im^t nmutoAm oa Caqflq^ MBOBB ^T a^IioaUon of oll*oak«»»« 
pm^lmn in India. UlUb lOl* 23am> Jl&33» JISSU PWRW^fll^t 
Mtfi?fr (XMla) ^-13 '^ ^^ fc* l=y?'<5. 
•'»imc©siS9« df th# !90ll. ;^ell, !0M> j|§ ? '161-.174, 
'^ «fest«f», T, *% Cl'WSis "^ l^aRtfiia* i!*fiie«a lealli a?*! flant oollsi 
t.h^? »ff**e!i on hoft and nathofan, ,E!saS« 2l^» 3!ZJKIMMI* .!lafi* 
Wilinaty '% J* awl 0« *f« 'inatwr (117^)| S^f«ot of fi«iMito^ ©t and 
l^aarttift a«yaBQ>Q« on ttia pwt l ) of 9«Mil • •ai l tnif in th« 
i#iis«h«»p, % (I9@7}t T3n>«s of leaaaa oautoS by ntnatodot, l»of> 
<£• i* il» J m * S^ QUU i A U i l ^^ onot ljBl»ia7« 
tfaltahiP, B, (1968)t UtalualvlPlDiiicaB iwlaeliafi 1l«ttatod«i una 
•«hadi«nf«c«pii anfi iftit«^«asaiw l a i a ^ 
1 jmmum 8«»i* t-Ui iMt» 
1 ' ^ 1 
•"--v,,,.^ ^^ ^ 1 X J 
\ 
mAt^f u »^ (liS8)i ii9ot«4cii»t moA tii* Mdlliiiff «is«ui« mmilm of 
•adiUvo offdot of n» MftMWiim ana ?« Jttflinii^ ffrtilMI (A^9tff.)4 
«-«i^  S'^ **ittv® aff»et of 2* i^ im»f1fir«,t?ai> *^ *^  ! • .i#lig^lU 
^^' Mmmm§M ^ ^iMJ^^M '^ n f-^t-rot af fu^afb«#t. J. .Mas-
'fongv '"• '-• i^-'^ '' '''• #^ •.mat Cili'^/s Gall fortsstlan in a«pliil parts 
fanf, '?,, % T. i%w«a.l ana K» H, Sayk r^ (ISiW)i tatiffmottoaa of 
eoneosdtaat M-^m\,m of il»a&toio« MY! Utaayt^ yf o^aaegiiff f« sp* 
jBIlfiiCMlai on ootton* JA-J«AI31* S * *f^»m 
Tooac, ?• it« Cl^99)i flMMto vllt po«iet«ao« and ita <ltaraas« tif 
Tofoat^  «^ A, <l*i40)i Soil f^alfotlon 4 th oHlofopiortn aad earboa 




root*i*ot* C>lif. j£B» Jttl* lift* iSUCS* Iffil * ^ 
!i«!»a*.-oA.«i*. 3sikMMk* MMSSI^ ESS* A, ^ s t s « « ^ a ^ 
mmtmy of foots of tfipiefit «v» ?»•• Pas^ ilo 
float* 
A TrttntttfTio MOtloa of n 4«rt ol<l aadliioealotod • 
iiiitr«ot«d roots ^lo^at oortiool poptloa {an) 
B tv«afforto tootloa of 3o da^t ol4 voot« tliovtai 
•adod»ralt (Il?)| ^ortoyolo ("'B), ^IO«B (pH) 
C Traiiovorso soetlon of 60 doyt old rootg tlioiftaff 
vaMnaor tlstnaoci^s^^ 
D iiomitiiaiaol ••otlon of 60 days old roots 




Pkm%m « XI 
PhotmAmmw^ms^ o f t o o t toottong o f •ggtaaae 
•V. Pum furpl© Long laorndLattd ultfi th» toot -
soi9« mmtoAfj iffliaMigfat lagggalitft ^o^i* m 
i&» Tfftatv«pt« •<»«Uofi of roots ftftor ^ Hours 
o f tsiomilaUoii showlfii iiioviR«iiit o f IIM»IO<1# 
B» TTwas'fttrto 9«etlo2i o f f>oots « f t«r 48 tiaurt 
o f iaooiil,aU«>ii oho^xif mod^ o f orl«atit^iwa 
CW) loiA ^jrportropliioia. o«a i s (B!>| 
C« Tratas^of so ststotion o f I'oots mttmt 9 <l«rs o f 
iaoomlatif^n Biaowim nmAf foiFtMii gtoat oia.! 
imy m^A ofHarKsdl aoastoSo Ct) | 
0* fvmmmwwwi soeti<:ia o f t o o t s «ft®v 'lo dssrs o f 
inooaldt ioa sf^^iiif gls i i t o 4 l l C'K^ ) «n^ 
IWVtilC if<MEll«r SIM doitSS e7t0ld.WM Wttll 
ma^poiis sni.fti'fsA •ggtonsvotsS oaoHsl iMU 
\ 

H®t« « I I I 
?li9%CNiiiaiep'ftt^  of tpoot tiNittoiii of «fip1.«iit 
mte^ i ^ tQd«l ffi iglitt ini iBflffgitttA «^^ n* in 
A« fraa»f«»«i# •»8tl*5a of fw!>t» aft^F €0 4<isri ®f 
I lasa i is t ioa •ttoift.Df a^lai^ f«»ai« ftstoataM! 
I iiit9l«i Clto)« ^fift iw»»ll«a ^n^f 9 f %ii» aMMitodi* 
i» X4»ii|l^iliial ii««%it)n of ?Qott &f%«r 60 tajrt 
of liie««l«ktloa •iS9*#iaf slaat e t l i (**C) l a 
v»ti0!ilai7 %i§fii#| AdNslI fmmXma la «ortlQal 
C» trtta«v«*ii« 9«9%i9?i df foo<i.t a f t«r 60 an^i of 
I laMUl&tloa shaiflaf f t i l i r aft^ar* f«ti«l« CD 
I w i ^ • f 0 M « i (HDi fl'ftat ««Ua (GC) fr«tim% 
l a ili l i i ip parHsa 4kiii lirf«rtvo9til«il o ^ l « 
Urn 1^tta«fert« toatl^a of root* afti«r #0 ISAJT* of 
laooolatioa tho^iif fo l l r aataro fti»alo aiwftw 









• " \ . 
f%Mtm • I f 
f^^mA&mgm^ of root ««tt%l9i3« of ogiEi^iiiii 
ev# Pu9m %ppl© Lorn i i»e«l&t«^ 'd.%h t^« roo t 
i^ ffaiitf«r«* 9«9Uoii of f«iot« 4 i ^oiuPt of iao* 
OtllatlOA l^lOVtag l o s t o f 09tl#r«B0« o f ttUI 
S« frmmmrrm tootiofi of tiie r^>ot« 7f tioiirt 
« f ^ t i,ao«alatloii «^« t i i f 1i!*««liiO'Hm of ®#lLlt 
of %li« aorUool oaS «aM«r iMl Dortioiif3;^25x:i; 
&0 fi«!Mifiir»« oooeioa of r o o t t 7§ timi*« oftor 
IHOOOIAUCMI oliotfiiii i«Mifi i 99rtiom of tbm 
!>« f9wmiiwmrw0 i o o t t o B o f f»90t« S dajrt * f t « r 
iaooQiatloii s*iO'^ iaf t ^ oortox 9M ttio 





flMitMiltfdgrapti of T^Gt suctions cif ttif-
flmit dV» %•& T'ttrpI* 'Long ItiomaXat^d 
^lafii ftlon* la iiflai8«,iMia so i l . 
A« fr«ftfv«rt« «#«ilQii 0f fO0%t 30 dftrs *ft«v 
)»li&%ie>'» in ooirtieftl Us«a«f forrif i i nut 
mnm^&r U,9m^9 Mhrngimis m9bX»l mnttkZ^Soy.ii, 
C« lAiEigit^ifSljaRl tOQtioit 0 f ^ n foot* so 4Uirs 
a f t ier irio0«|.j&tton irtiewl^iii ^«Mif«A f o r t l o i i 
ot ttia «^d«r«ls of eoy%«icr^sx3i> 
|}« fy«ii9v«rs« aatttioxi of if!»9%9 60 aara aft«r 
Ia(i9ij|.«tl0ii ^lO'Vint iifimiiad aortteal aalta 





Plat* • f l 
Fba&offiioro^raph o f f e e t •oetloiiisi o f egjsplaiit 
•i«9lttta««3(atX:r l a wmmmmWmr 
A* fspaiiiv*i*t# ««etl9fi o f i>oott « f t « r ^ iicmr* 
o f ii]ooi]3latton tliio^nf iiol<»iliBtioa o f fmnmB ure^lttw l a » f M o « l tl»»»#ci2SX.'3i 
S» fwia»if»Fto f.#«ti5a o f root* a f t e r S *li^rt 
o f lno«tj lat ioa ahewlat diw^opB^afe arid 
aovtseat o f ii««atode \^) aai oaiiiafed poFtioii 
. o f llie ooptAS bf timmt mvHi'^mt^i'soy^'Ji 
C» ^p«]i9Y«t*te f«« t ioa o f i*oet8 a f t e r 90 ^ajra 
o f Inoealatiott thmAtm f i a a t e e t l t (<1C) 
e<»fitaiiiliif fever iHielel Clii) aaA giant e i ^ s 
were i a v e i e i W tomm* er«elliuifiz^cc>x3; 
0* fraaeeeiree aeetion of roots after #0 dar* of 
Inoeiiiatioa wbs^m ^artiaiir «le@«aeratiMl 
il«at e«l.l iHXiy ooatai^nf fwmip meiel (lli>« 





£lm9mmW\ iK. immMAlmi 
Pim%miii«m§;rm^ of tmt s»«ttoin ef •tfplftat 
ev« ?ata, ?»ainil.® Loaf iiio««la.t«a «ith %m poot 
A* Tv&iifv<»rfl« a««Uoii of tootf aft«r 3 d«r« of 
fii©<wlafcioa «hiavliig 4*aais»a o®rti»al ^ytiotifli 2^. b'^nj 
S» f9flii»viw?s« ««®tioa 9f ffoolt $ dart affciNP 
imcniiatioa »^.0¥i»i 4Siiaftf«d AOS^UOSI. i>07tloii 
of thm V90%« «»l €«v«l«pi4ait <»f ii«Mat<»!3« iM)f: \25'^'^-> 
C* TrantT#r»# t'^etlon of roo%» 30 d«y« ftft;«r 
«©rtio«l o«ll« iwroM-ee^  W t?t# f^agai 
&• twmmifmpB* ••ofeioit of root^ SO a«f>s ftf%«r 
l»3r f*iiMni» i^oitliHi «oa%Matn«! f«iiiip 'fn^lwl (Iftt), fmmlmi (W) wrt almofiMa. iirliii o»Us (*iC)Jl2SoyT. 
' ) 'J 
(•J e) 
PLATE VII 
n,mtm • f t f t 
ii»0iil.:Uoa 8fio<^iii i^MMtod« sovwNKit <f) 
and fannai ttro«lt«»f 
t« f9«!i9V«ra« i«Q«loii Of m9t» S dfira n f t ^ 
6* ff«ei8V«p«« •Mt lon of footf 30 da^« iift^t 
ClS5)t 
f-mgAt wjf Mooai ttfttt l.ftFW« <%) of 
PLATE VIII 
x 
nm%0 • l& 
ftio«oni«yofra^li of rciet »9eUmm of •ciploat sir* 
Pvtmk ?itrpl,« horn li»«iiiat«d ^t% tli« root«>!cno« 
aiRAlod«i MAfl^Ia^Tiyy lrij|tillli,|t i4«a« in soil 
ji« fwmmw^99 9mQ%ion of f«9(i%« 48 hmstr* aift«r lias* 
«alftU(9a flioiiiai «fxt«itt of 4aMif« oanatti br tkm 
9* ffsnain^ft* tmtt^n of fttot« S ^ j r t ttft«r lnmm» 
Im^lon fhnwiat 8i»V)Mi«fit of iiaaito4l« ( D C \:^ !:5""x'3i 
0« fffmtv«rt« •oetioB of foott 30 ^«3rt &t%mt iiio«a* 
P« fmmfm99% s«eM.o!i of %ii« roots 60 i a r t ftft«r 
laocwlatioa »»to¥liii f laat o ^ l (i10) ooat&lniaf 
fov sua sieal.1.^ m^ot ( i i i ) , »ft%ai»« f«r«k|,o 
i»ftll9? i l l ^m CDff ^^^^ tlAfo lapiMio (1*8) 





Pt»tmA9mimmw^ of mo% s«oti'>afl ©f •g«-
tilt »ot-?ot fim^ff, •Mmtoala taiUBik 
aldii# If) soil aii-<m i^K$^atii mtmi mam* 
A» ffaaav©s»«» » « © t l o a o f i«©ot« *I4 limi*'t a f t w r 
i?iootil.atloi3 •ftoiftng tl)# oopttoal pOFtloii 
0# tr»a«v«^rf« •»»tlofi of vm>t» 10 'lart affe#r 
lri«iitl«a bf til* f^iiiit* iiBgf«i«lttMic:4^ oox3; 
t>* fwmmmiwm • • © t i o i i o f P«>tsi 6 0 «s«f« aft*«F 
i i . 
4 
y 
• i ) . • • • • 
1M I) 
M^k 
1 * " t' ^ 
\ 
PLATE X 
PI»to'ii!t«iP0p»»t»li of root 99n%%on» of o f f -
plant ov, Pttt« i^i»pl« l»ott^  li!io«ilat«« ^^f i 
pi^_fi|a|o«ttji a^iq f^ti^  fftWiltoiMOfStl^ in soi l 
Am ?rftiifV9i*«« Motion of roots 7f liourt aftoy 
in09ct.l«ition fttionliif i it laiofpotioii of 
oortiQul %l9mk99fLiSo:>t^i, 
• • fTAntvwfto sootion of voott 30 diyrt aftor 
iooonlntiott itiowliif at^ noretfla 3irl<MR CAX) 
omd Sfttiiro f tmdo ( f } prosoat i a ooptioal 
C« Transviapflo flootloii of mots 30 isjrs af ter 
iasoulation stiovln^ giaat o ^ l s <(IC) 
eoiitaiitt.af tmmp mieioi <i%i) and VWPO 
0* T«aii.fv#pt« switioa o f Focstt 60 tisrs af t«r 
lfie>«nl€ttion stiowliw f a r t l a l l y ^isisnsvatsd 
saall f iant soi ls ( ^ ) oontainliif vwpgr 





/ " • " ~ " ~ ~ ' " ^ \ 
Pliotoiia«iN»fPii9h of »oo% f#0tioii» of tt i* 
jBjyi|4 IS dart prl&v to tfi® motm&dt 
'^Sfe4«« Mgjfg'^yig Infliw4^ in mn 
A* fi*ftii«v«r«« ••«ti<»t9 of Toots 4S hours af%«r 
lfioois].atioa shoifti^ daiMyro aaiisai W ^^^ 
i« Transvorso sootloa of wfm%9 S diairs aftar 
laoauiatlaa stioiiiliNr ooFtiQiO. fovtloa 
litvadaS by tli» fai^ Etta ig^oal.ltttci'^ooxlj 
09 Tffansvaraa isaefetaa of nmta SO '^ i^ f aftar 
looaiilatloii ahovlBt iftaaac«<S oo^tlaal msA 
9MmmiA oails. anA ftsnais hfphat imadai 
taa oortiaai o«.ls <M)f:/,oo>s1^ 
D* Tfasiavaraa saoUon of roots €0 <!i^ s aftar 
iaoaalattoa 9imwlm flant oall (OC) @aii» 
taimaa vary fan nttaCal {M) li^avtropliiad 
oi&l (is) aaS afonofwyi jori^ aa oalla C^)C'4oox^ 
1 (:, ', ! 
PLATE Xfl 
9lKi%<WB 9^rof?«ati o f foo^ •<»eUon9 o f offiilAiit 
ev« ?*««• i>iir9lo liom i i » o m a t # a v l tn tfio Foofc-
Icnot ii«Mieod«(| lyUdJftfBMI tlMiJHltll -LS d«7fl 
prior to ttio *i>^ft-**> ^mpi* , W m t t i l l i i 
a o i i ^ Ifi » o l l ftffifpnloA wlls^ a««M «iftiefi« 
km frftn9V«!rs« sooUoi i o f roo%t ^ hours «f%«r 
Iflooaiatloii • t i o ^ a t 4l«iMiiO oaustd t^ both 
felio orfoolM!!;:^2 5 ><n j 
B« 7r«!itV9r»« soot ion o f root t S l^ajra a.ft«p 
liiDOiilaUoa (^lovlBf tiaSowolopoi, ')robAbi:f 
d««d fonoio (13) %n ondodoriftaS. r o ^ o n afid 
oortt<sal U»fti<5}t Inr&dod ^ f^nmm ii8ro<AttiiiC2So>.'Ii; 
G» fr«ii»f»r»o soetton of roott 30 doyo aftor 
tnoeol^tlofi tiiowli^ flant oollt (ac) o^ iw 
tttiidiif fov m?!fif r«ry 9ro«tii«Bt tnolel (1%), 
ttgrp^rtrotfiioa eail JHC) aafi tiiit1ov«ioi»«dl 
B. trani7«rt« aootioa of foot* «0 dart aftw 
inoflttlatloa f!ioi,ifig ftant o«lXt (oc) aoiw 
taimng i»r<MBiii«iit mielol (W)c^5o%'3. 
.; )i 
^^upsmt •• •:^-ims^i^s^ 
PLATE XIII 
APPENDICES 




